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(A) AIMS

(1)

INTRODUCTION

The object of the present study is to test. the validity

of the claim that soil survey can be usefully correlated with

agricultural productivity.

If the answer is positive the soil

surveyor has. an importani parv to play in.plahning land use, even

in highly developed industrial societies of western Burope.

Mapping soils has been caiied into question in recent

years in positive critvicism (1) and perhaps more seriously by

a negative lack ot interest in published soil maps by those not

directly concerned in the study of the soil.

‘three questions

must be answered before attempting any soil survey.

ie
2,

3

Why survey soils at all ?

why has soil survey failed to generate
more than passing interest in non-
pedologicai spheres ?

From a.practical point of view, can
80il survey be reiated to agricultural
productivity and nence land-use

planning ? (2)

1. !gx survey soiis at ali ?

It has been said (3) that any couniry has but two assets 3~

its land and iis people.

Yet the planner has in che past been

t00 oiten trained only in architecture or pure survey and his

errorts have trrequentiy resulted in the sterilisation of large

areas of land.

. Land survey and planning should be set against

the background of increasing population and the failure of food

production to keep pace.

This statement may seem slightly out

of place when considering the agricuiture of an industrial nation

such as Britain but it 'is an increasingly obvious fact that the
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heavily indgé;rialised areas of western Europe are also the
areas which have the greatest potential for increased food
production on a very intensive and scientific basis... The
ébrd.'planning' has been unpopular because of politieal
connotations and the fear of regimentation, but the time has
long been reached .when a more retional and scientific use of
resources has beceme necessary.

Land-use . planning is not an end in itself, It has the
somewhat .equivocal purpose of 'an improved standard of living
for mankind'. Although the great emphasis in this investigation
is on the agricultural implications of soil survey and iand-use,
the total land-use scheme inciudes several complex and often
conflicting elements :-

1. Industrial location.
2., Housing.

3, Food and water.

4. Recreation

5. Communication.

6. Securiiy bases.

There must be a balance between these elements but this can

never be easily achieved, Much that has been done by planners
needs to be undome. The soil surveyor can have only a small

part in the overall balancing of the plan but his voice must be
heard, ‘There are of course deficiencies on many counts. ‘there
is too little knowledge about mobility of people in the location of
industry. There is still an initense tear of allowing town raised
people to live in the country, yet this is essential to balance

the loss of farm labour if village services and amenities are to
remain viable.. .There is a lack of geological and dritt knowledge ;
despite the growing need for sand, gravel.and clay there are large
areas without adequate drift-map coverage. ‘here is a serious
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lack of water resource survey and large scale water supply

lines frequently cross each other. Meteorology is often
eriticised but its greatest defects, often ignored,aré at the

level .of microclimatic surveys at Houghall Agricultural. School
County Durham, for example, the horticultural section was sited

in one of the most reliable frost pockets in the North of England:
instruments used are also open to criticism. The Stevenson screen
is situated above.the level of growing crops and below the level

of ripening fruit. . The ecologist has not yet mapped the vegetation
of the problem areas of the country. Finally soil survey itseif
has been painfully siow in producing results and when the soil

maps are published they are often unintelligible to any other

than the man who has produced then, Carried to its extremes

the modern emphasis on the soil profile.can be of less.use to

the farmer than the earlier surveys based on soil texture. . Many
workers have no confidence in the profile as an indication of soil
potential or even demarcatable units (4). Some say that the
profile can tell everything that is required in knowledge of the
soil.

Soil survey is but part of an enormous but negiected field
of research that is essential before sound land-use planning can
be undertaken, The Geographer's discipline of correlation is not
out ot place in tﬁe-organisation ot conflicting elemént@ and he
has the added quaiification of cartographic interpretational
techniques. ‘The so0il surveyor who has geographical training is
perhaps doubly fortunate.. ‘'the cartographic technique. is of
great imporiance, The soil map must be intelligible, and capable
_of reiation to the whole plan. Stamp's pre-war land-use surveys
' sh9wed the advantage of cartographic representation over statistigal
methods. The soil surveyor should not necessarily be a pedoloéisf,

but he must depend on the latter. There is a misconception améngst
planners and certain schools of §hqnght.that any land can be upgraded.
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They do not realise the great vaiue of limited areas of very
good land, There are unchangeable factors such as elevation,
slop and microclimate that the sample analyst can underestimate..
The surveyor is not then a specialist.pedologist. He is a

producer and interpreter of maps.

Where does the soil surveyor start ? the simple answer is
vhere he finds himself, with the existing land use. Stamp showéd
that in a long settled country such as Britain the land use
resulting from centnriee of trial and error and the interaction
of countless factors has remained remarkably stable, Land use
on good land has changed little, as has the use of very bad land,
Land falling in the intermediate section has responded to changing
éénditiona more severely and it is perhaps in this sphére; the
infermediate lands, that the practicality of soil survey can find
its most useful testing ground.

why survey soils ? The product or present planning seems to
be aimed at 'new towns to starve in'. (3a) There is room for a
detached scientific approach to the whole question of planning
land~use, and soil survey must find its logical and important
function in this planning. .

2. Why has soil survey fgiled to generate more than a passing
interest in non-pedological spheres ?

Classification is the soul-destroying nympholepay of soil
science, There is a confusion of literature from Thaer to the
U.3. Seventh Approximation which zllows almost any form of
classification from texture.through properties, to parenf material
and other soil forming factors to be used &s a basis on respected
authority (5). It is perhaps not called for to trace the
development of . ditferent schools of classification here but an
indication of principles that.have influenced the present survey
are offered. Kubiena's 'natural' system despite the controversy
with Leeper (6) about what is in fact 'natural' and what tartificiall
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has two main important features. First he preserves continuity
with the terminology of past soil vorkers, Secondly he based

his ciassification on profile properties rather than soil forming
factors, He aliows the concept of s8o0il maturity and is generalily
satisfying in theory but perhaps lacking in precision at.those

lower levels of classitication which are all-important to the
surveyor. dealing.with Soil Series and 'Wypes. The Seventh
Approximation has no clear statement on principles but. emphasises

the importance ot diagnostic horizons a factor of great importance
in the region under study. ‘*his admittedly provisional work from
America could become a satistactory.balance with Kubiena it some ot
the terminology .could be set on a more traaitionai or.even
pronouncable basis, Future development in soil ciassitication is
not easy to prognosticate. the position of an independent surveyor
is therefore at present very unsatifactory. He has a contusion

of principles and terminology to unravel and wili always be obsolete
in his presentaiion.according to some shade ot opinion within the
worid of soil study. The aim ot ciassification on a worlid scale
and at the local level is.correlation on the best genetic principles
developing, tor example Botany. The best system it it were possible
woﬁld be some..approximation to the periodicity or the chemist (7).
At present apart from the various soil manuals and soil memoirs

the surveyor has two guiding principles behind his choice ot system.
*there is the natural system which takes all properties and orders

e,

them by significance and there is the artificiai system which
correiates predetermined properties in a predetermined order.
Véﬁgggk; (8) has addea something waich has reaily been obvious

for a long time; the fact that most soils are domesticated, and
squ.dvmesticated soils present perhaps the most urgent call on our
inveé%igation. The surveyor is therefore faced with choice and
is-stili in the position of having to detine the terms he uses and
indicate the methods anda system adopied. ' o

''he system used is funaamental to the success of the survey



and if it is to be a valuable system, for practical reasons, in
the long run iis nature must be determined by the purpose ot the
survey. ‘the idea of a system which can be applied generally is
vaiid oniy if the critveria required for diiferént purposes are
similar or correiate closely. ‘*his has proved impossible in
practice. Criteria to be used differ according to the purpose
of the Survey. Soild surveys based on a supposedly general-
purpose natural classiiication are of very limited value as they
do not assess 80il properties that are signiricant tor ditterent
purposes. This is especially true when one classirication is

used over a wide range oi environmenvys.

''wo approaches may help to make surveys more valuable than
many oi them have been in the past.
1. Devise an improved approximation to & general purpose
classification by selecting bettier key critveria from the
j present limited stock. {Es fgilings could be ameliorated

?lby incorporating it into an ecosystem survey.  ihis would

i be the best and most scientific approach but the least -
'p;actiééi. ‘the Seventh Approximation will take some |
E;é;fwtime to .sort out for key criieria.

2. Adopt a specialist classification for each different
purpose .of survey e.g. a survey to establish the best
areas to grow.bananas,-pomegranates or giee on the East

Durham Plateau., ‘this is not as scientific in prinéiple
but is more practical and is the type oif system adopted in
this thesis. As already indicated one major drawback of
this approach is that of standardisation and terminology

adopted for the individual survey. Looked at in perspective

however there is no disadvantage over the general purpose

classification because the literature and terminology create

similar problems in both exercises.

Why then is there so little interest in soil survey for

example on the East Durham Plateau ? First because there is no
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published so0il map available. Secondly if the farmer could
purchase the hand coloured copies of parts.of earlier soil survey
in the.county they would be unintelliigible. The unfortunate fact
' is that English soil survey at present tells the farmer very

' 1ittle about his s0il and iis productivity.

3¢ From a practical peint of view, can soil survey be related

to regional agricultural productivity and hence land-use
planning ?

. fhe first farmer was the first soil surveyor (9). The

history of land use is not.simply that of a gradual occupation ot
various soils but the history of selected soil suitability under
various economic aﬁd.technological circumstances. Improvement in
agricultural technique has, since the middle of the lgsf'centurj,
allowed the changing of soil suitability.. Because of this there
arose the misconception that. all soils could be made equally geod
or at.least that most soils could be adapted to various forms.of
land use, ILiitle attention was paid to those characteristics
inherent in soils that had determined how land was used before the

turn of the century.

- Research lines difier from country to country. Practical
experience and advisory rules show wide variation. Today in this
country regional data is so insufficient that different fertiliser
practice is seen on identical soils, Thé soil surveyor in -
cooperation with the fertility expert has a large part to play in
the near future. in finding better adapted applications of inorganie
fertilisers on warious soil types.

Present land use is largely the result of former economic
and tedhnical circumstances buti it is no use to stay at the point
of analysing such land use, This doubtless helps the soil surveior
but cannot replace the knowiedge of the soils themselves in
offering guidance for the best possible use of land now and in the near

future. The first essential is an assessment of how far traditional
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land use is still sufficiently correlated with--soil suivability
under the present agricultural system, thie applies particulariy

when considering the intermediate quality soils already mentioned
(p.4 ). /" Land under pasture may give betier returns under arable
rotation or the reverse.\ The soil .surveyor cannot solve this

problem alone but he must :-

(a) contribute his knowledge on the difference between soils.
(B) be able to handle his mapping units as natural entities,
which can be used as the basis of research and planning.
The soil survey thus becomes the basis of exchange of knowledge

from one region to another.

By extending intereast beyond the eurvey of soils to
questions of farm management and productivity it becomes necessary
to obtain and analyse a great amount of statistical data. Computer
planning of farm capacity in terms of stock andicrops, and work
study analysis of labour involved and farm layout are immediately
thrust upon the surveyor. To select the combination of enter-
prises which gives the largest possible groéss margin-over the.expen-
diture on fixed resources is the obvious aim, The relative gross
margins per acre of the potential enterprises may be sufficient
guides in themselves, biut when complexity of factors is multiplied
by the inclusion of large poultry or pig concerns, or distinctive
soil differences the standard tabular layout of linear programming
is by far the simplestand quickest means of analysis and
prognostication. A set of figures represeniing activities in
crops and cattle, available quantities in lapour, acres and housing,
and ewerage margine per enterprise can be fed into an electronic
computer. A plan giving the highest profit and suggesting economic
ceilings on expansion or the cost of running down an entverprise,
can be given in a few minutes. Such \ analysis can save the

multlplication of guess work that is preaent in any farm community,
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but there are difficulties. There is the obvious problem

of obtaining the necessary figures for the initial table. The
figures must be relevant to the particular farm but need not
necessarily come from the farm being programmed, Good records

are essential and will represent a lot ot fieid work. In practice
during the present survey itv was found impossible to obtain
anything approaching the right kind of intormation in quantity.
This was not only because.of tarmers' reluctance.to disclose
inrormation but also because most farmers just.do not keep the
necessary records. Similarly work study.analysis though desirable
is Beyond the scope of the present research, time being the
limiting factor. Both these aspects are however of increasing use
in farm planning, and will perhaps become universal' in farming
when the necessary statistics become required of farmers.

In conclusion soil survey should not be condemned to its
preséﬂt'hnpropitious state, The soil surveyor is essential to
any.iﬁnd use plan as the one who correlates geographicéii&.an&.
corrects misundergtandinglby circulating intormation, .Soil
sclience is not the restrictive field of the pedologist. He should
maké his. knowledge available in the simplest manner jéssible to
the surveyor who can translate it into agricultural terms,
Theoretical lessons in pedoulogy are not the main end of survey, but
the production of . subject matter in a readily available form and on
a practical level. The present rateiof“production of soil sheets
in Britain is too slow to allow them any significant impact on
agriculture, even if their content were designed tvo that end.

The relation of soil survey to agricultural productivity is
quite possible and highly desirable, but for its fullest attainment
and exploitation it should bBe.tackled on the basis of teamwork
rather than by the individuael. ‘fhe present survey is the product
of a single .hand and the limitations imposed by time taken in

routine soil sampling, laboratory work, farm analysis, interpretation
]
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of results, and tinal presentation are obviously great.

B.

must

1,

BASIC REQUIREMENTS OF THE SURVEY.

Having stated the aims of the present work some indication

be given of the various steps to be taken to achieve them,

Selecting a region for study presenis the first problenm.
The region must demonsatrate an established and important.
emphasis on agriculture in reiation to other occupations,

It must be sufficiently large to include some variety in

- the agriculture practised, At the same time it must be

2.

small enough for one.research student to tackle in the limived
time at his disposal, there must be some variety in slope,
aspect, climate, geology, vegetation and soil development

for the usefulness of this type of survey to be fully tested,
but gradation is preferred to sharp distinction. It would

be inopportune, tor example, to test the validity of the
method employed by drawing distinction befween the Cleveland
Hills and the neighbouring Vale of York. Here physical
factors and consequent.y agricuitural practices are 100
difterent tor any useful transfer of knowiedge. . 'he Hills

and the Vaxe would be better studies as separate regions. . ‘'rhe
¢itation of these two regions as worthy of study raises a final
p01n£;“m.whe area.chosen should have recognisable boundaries
whether physical or artificial, And these must be spatial

and within clearly defined and preferably traaitional boundaries.
*he inadequacy of present-day planning is pernaps vypified in
such obscure 'regional' nomenclature as 'North-East'. No-one
is clear what this region includes or where it ends., All

that is clear is that Tyneside (or Teeside) is at the cenire
ot . tnis Development Region. For the surveyor himself clear
boundaeries will be ot great convenience and save aggravation

ot the many existing problems.

Having seiected the region the soils must be surveyed using

adequate but ineviiably biased survey methods, Samples must
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be analysed and subjected to statistical interpretation. Basic soil
sheets on the six inch to one mile scale must be prepared and complete
profile records compiled.

3. While the soil survey is in progress a farm by farm survey of
land use and management can be made for statistical and cartographic
representation.

4. From the above maps, and further survey, various physical limitation

maps, soil suitability and soil potential maps will emerge.
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SECTION ONE.

THE REGION.

CHAPTER 1.

A. Selection.

The East Durham Plateau meets most of the requirements

listed earlier (p. 10 ) and has certain added advantages.

Agriculture is the most persistent occupation here and
is still a major occupation. Although colliery villages, which
in this part of the country have a tendency to twin with older
agricultural villages, are larger than their rural counterparts
they are less secure. As coal mines close such villages as
Wingate and older Cassop Colliery partially assume the appearance
of 'ghost towns'. Their twins 0ld Wingate and 0ld Cassop having
survived the centuries are adding new farms to replace the old
although they héve themselves shrunk in size with the loss of farm
labourers' cottages. Industrial settlement will doubtless become
iﬁcfeasingly centralised in such places as Peterlee, Easington,
Thornley, and larger towns on the Tyne, Wear and Tees, while
smaller industrial villages disappear or amalgamate in new housing
estates. Substantial land will be lost to agriculture as new towns
and waste heaps spread, but there are signs that some land is

returning slowly into agricultural use. The site of the vil%gge
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Raisby Hill is now largely ploughed up and growing crops.

It may be that with increasing industrial centraiisation other
intervening areas which once supported a scatter of villages may
return to agriculture and.beoome increasingly rural in ethos and
appearance.

The area ot the East Durham Plateau is sufficient to include
adequate variety in farming and physical features, It is rather
large for one worker to survey in the allocated time but has the
advantage of nearness to the Universiiy and to departmental
laboratories, Access is extremely good, for as the one inch maps
of the region show, the plateau is interlaced with a good
network of roads and tracks, The largest areas not crossed by
public access routes are the increasing number of golf courses
to the north of the River Wear,

The boundaries oi the East Durham Plateau are as clear as ’
could be wished except in the south where there is something of
& gradation into the Yees Basin,

‘there are, a8 already mentioned, added incentives to the
selection of the East Durham Plateau. In recent years interest
in the region has increased on academic, economic and social
fronts, No-one has attempied the kind of survey intended in this
work, but in 1947 Dougall was actively surveying the soils of the
country. ‘fhe Department of Geography at Durham has shown
continued interest in the region. Maling (10) covered part
of the geomorphology in 1956. Frisby (11) spent some time
looking for Rendzina soils in 1959, Mr, P, Beaumont is at
present working on certain aspects of the dritt coverage of the
region and the Geological survey are currenily publishing some
six inch geology sheets. Furthermore Dr.S.G.Willimott has tor
some time been occupied in work on similar soils in the Pontefract
area of the West Riding of Yorkshire (12).

The 'North East' has for some years been notorious tor its
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social and economic problems. Changes in the ship-building and
coal-mining industries have led to great unemployment and social
unrest. Political attention has therefore been focussed here.
The North East is a Development Regiomn. Development and planning
have been scanty but the plans continue. Perhaps of more
significance than usual is the 'Hailsham Plam' (13). This
indicates: that the fuiture of the North East lies mainly in its
eastern sector, and here development is to be concenirated. The
cenire of the 'Growth Zone' is occupied by the East Durham Plateau
a situation giving added weight to the choice of this region for
the present study.

Apart from the planned developments there have been some less
publicised regenerations of interest in the plateau. The
widening application of magnesian limestone products has led to
reneved interest in limestone quarrying throughout the region.
Firms such as the Washington Cheiical Co., and Steetly Quarries
Ltd., both of international reputation and importance, are actively
engaged inm quarrying and processing magnesian limestone. Unce
dead quarries are being reopened and even the marly spoil heaps
of past extraction are now being drried. Industrial and
agricultural uses of magnesian limestone are numerous and despite
periodic recession interest in its gquarrying is expanding rapidly.
The vast mile-long quarry face, at Raisby Hill Quarry, on the
scarp edge is a permanent and impressive indication of the scale
of interest in this one resource of the East Durham Plateau.

Coai has since the turn of the cenfury been of increasing
impor tance, proportionaily in this eastern part of the county to
the detriment of the west, a further factor foecussing interest on
the region chosen -Finally, to keep pace with the increasing
demand for sand, gravel and clay the East Durham Plateau is yielding
greater supplies for building purposes: and road aggregates., New
quarries in kames and other deposits are eating away valuable
farmland bBut these can be recisimed (14) as for example large areas
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south of Hawthorn viliage 420448. Apart from fluvioglacial
-dgposits sand is obtained from the Yellow Sand below the Lower
Magnesian Limestone, 0Uld Magnesian limestone quarries are deepened
tor this purpose, for example the north end ot the Bishop
Middleham Quarry, while others supply both magnesian limestone and
sand, for example Crime Rigg Quarry, Sherburn Hill.

The above indications add weight to the éhoiqe of the East
Durham Plateau as a region worthy of study and capable of yielding
valuable results. ‘Twvo additional evenis; the surveying of the
route for the Durham Motorway involving the sinking ofmany bores
on the plateau, and the laying of the deep gas pipe line between
Darlington, West Hartiepool and Blyth (Northumberiand) provided
irresistible and invaiuable soil sections.

B. Boundaries and area

The East Durham Plateau is roughly triangular in shape and
extends from South Shields in the north .to the Férryhill Gap in
the south-west, It is bounded in the east by the sea and in the
south less definitely by the ‘Tees Basin, the western boundary
is a clear ground feature, the Magnesian Limestone - Coal Measures
escarpment., although this 1eature is less obvious on the 0,S. map
than on the ground itsel:, From 'Yrow Point in the north the
escarpment trends fn a S.S. West direction as far as Coxhoé where.
it swings S.West, to north of Ferryhill. ‘the Magnesian Limestone
outcrops westwards beyond Ferryhill but the Gap forms a convenient
boundary to she Plateau. Yhere is no ditticulty in determining
the eastern boundary but the southern limit has no marked topographical
tfeatures, ‘he fimal delinfation of this limit was decided only
after considerable tield-work in that area and was strongly
infiuenced by the work of Mr, R. Simpson (15) who was then active
in the Hartlepool area. ‘the actual béundary line adopied roughly
foliows a line from 489380 1o 300230 on the 0.S. sheet number 85,
South of this line soils become very complex and new Series !
unrelated to those fturther north, occur under the infiuence of ihe
triassic solid geology and different drift accumulations.
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Agricuitural practice is also radically change# under the
infiuence of siightly milder conditvions and thé proximity of
the expanding ‘'eeside conurbation. The area inciuded within
these boundaries is near 100 square miles.
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CEAPYER 2
Tfopogra and drainage

In general the highest ground is found aiong the crest
of the escarpment, ‘*his has significant inf;uences on climate,
soil, and cropping practice, North of Coxhoe the dip is to the
east aliowing but tew areas the advantages of the desirable southern
sun at a steep angie, an intiuence of no little imporiance in such
8 northerly part of the country. South ot Coxhoe the land
slopes gemeraliy south to the 'Yees and here tvhe agricuiture imposes
a more orderiy and luxuriaent landscape than in the more northerly
areas; the absence oif industrial viliages and the less severe
topography are, however, ot equal importance with climatioc
intluences in producing this erfect.

‘the escarpment is breached only by the Wear and Ferryhill
gaps, but north ot the Wear the limestone has been weathered into
low rounded knells as for example Downhill 307' and Beacon Hil.
278", Most ot ihe land in this section ot the region is below
250!, Beacon Hill is formed in Upper Concretionary Limestone while
Downhill consists of Drift-covered Middle and Lower Limestone.
.Soila on such knolls obviously difter according to the kind or
iimestone present, but structural and mineraiogicai differences
within each section of the magnesian Limestone are so great that
Soil Series do not necessarily toilow the map of geological
exposures,

South of Boldon and Downhillthe escarpment is murked by a
line ot hilis most oi which rise above whe 500' convour. At
Warden Law the maximum height ot 663' is aitained, but here the
limestone is lopped by a kame-iike glacial depositv up %o 150' in
thickness. ‘'he highest summits ot exposed Magnesian Limestone
are to the west or a line rrom ‘‘hornley to ‘rimdon Viliage and are
occasionally over 600' in altitide. the climatic etfects of
such elevation can be clearly seen on the raintall map (Fig.l.),
bui even more dramaticaliy in winter when snowriall and the duration
0l Snov cover are regularliy more severe here than in the rest or
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eastern County Durham,

South ot the Wear ine liandscape begins to assume the nature
ot & true dissectved plateau, the western escarpment is much
indented bui preserves a steep scarP face, while ine dip slope
is exiremeiy dissected. '‘'he land surtace of the dip slopes
generally tails eastwards to the North Sea, but this certainly
does not correspond everywhere to the surface of the Magnesian
Limestone beneath. Nor is ihe general slope itself uniform, It
appears to be éraded to about 100' above the present sea level., ‘the
lower siopes could have been tvruncated along the line of the
present coast as marine erosion of this cosst 1s at present
dramatically active., Paris of the clifts at Marsden for example
have receded at least 50 yards in less: than a hundred years,
leaving Marsden Rock, once comnected to the mainland by a bridge,
isolated hear the low iide mark. On the other hand the one
hundred feet gradaiion above the present sea level cannot have
remained constant, Evidence of raised beaenes_(lG) suggests
sea levels consideradly higher than at present, Frisby (11)
notes surtfaces on the plateau as follows: A few summits at
600'; principal hill-top surfaces of the Mégnesian Limestone
between 500 and 550'; the greater part of the middle escarpment
between 400 and 450'; & narrow belt running down the east side
of the scarp and a broad beit round its southern edge betveen
300 and 350'; land to the north of the Wear and a thin coastal
margin around 200°', These are however almost valueless as
geomorphological descriptions as they tvake little account of
the depth and variability of drift cover.

At various places along the escarpment edge, outerops of
Yellow Sand beneath the Lower Magnesian Limestone form minor
secondary scarps, for example along the southern edge of the Wear
gorge north of Penshaw, Carboniferous material also forms a
substantial part of the scarp face, particulariy near 014 Cassop
and Quarrington Hill bank., Here good qualiiy Carboniferous
sandstones have been successfully quarried and the limestone cap
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is only comparatively thin, ‘he influence of the limestone
persists in the soils however even on the Carboniferous fringe:
of the scarp, beceuse of scil movemeni down slope which results
in a somewhat re-sorted drift cover.

ihe drainage system of the East Durham Plateau has & general
appearance oi anachronism and immaturity. It owes this to pre-
Dritt erosion, an extremely irregular Drift cover and various
post-drift erosional influences, Before the Drift was deposited
the western edge of the plateau was drained to the west by a
series of scérp slope streams which are responsible for the major
part of ihe extreme imdentation of the scarp face. ‘hese
streams were cut back some two or three miles behind the scarp
face and must have been formed under the infiuence of far more
water than they dispose of today. At present these valleys,
though too large for the present diminutive streams, are greatly
infilled with drift-160' at Ludworth Colliery, well behind the
scarp, and a similar depth in the valley between 0ld Cassop and
Running Waters, level wiin the scarp edge. These streams were
at some time actively cutting back headwards but are now mostiy
mere runneis and oiten: intermittent. Inthe Vale of Cassop there
aée lateral depressions of undetimed drainage along the edges
of the valley, while & ridge of drift material rises to the cenire.
An area of swampy ground on the south side of the valley represents
the remains of a post glacial minor lake which has butv recently
‘been drained.

To the east the drainage follows purtially infilled pre-
drift valleys rareliy exposing the Magnesian Limestome, buti nearer
the coast remarkable short but deep denes and gills-cut down into
the rock and break the continuity of the cliff line, These
youthful streams could possibly have been initiated urnder the
infiuence of melt water from the last glaciation as their head-
waters are mainly within the confines of the widest spread of Upper
Boulder Clay,
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Intefluves between east and west flowing drainages are
usually some two to three miles east of the escarpment, The
only part of the region drained to the Tyne in the north is the
area around Cleadon wnich is served by the River Don. Iﬁ this
northern section beyond the Wear, there is little marked surface
drainage because the Plateau has lost its elevation and breadth,
In the extreme south the drainage is erratic over deep Drift but
generalily in & southerly direction to the Tees. The south west
Carr-land has only recently been provided with a semblance of
adequate drainage through artificial dykes and modifications to
the course of the wandering River Skerne and its erratic tributaries.
The Carrs theuselves were most probably part of a series of post-
glacial depressions and impeded vailey lakes, or perhaps one
very large lake. ‘they were certainly for the lurger part ot the
last century regularly flooded and had the appearance of marshy fen-
like features. They are partially intilled with silty clays, sands
and graveis, often overlain with varying depths of peat.

‘the Bast Durham Plateau is therefore served with drainage
of irregular quality. The eastern and western boundaries have
more than adequate ability to dispose of present rainfall, The
southern edge, despite improvemenis is still subject to periodie
waterlogging and is mainly devoted to pasiture land, Throughout
the central sector there are pockets of ill-drained land with
permanently marshy appearance or various degrees of soil gleying.
There are springs along the foot of the scarp for much of its
length as both the Magnesian Limestone and the Yellow Sand are
heavy water bearing formations. The settlement pattern and
occupation of the land are not in complete harmony with drainage
conditions. Regular flooding of roads and water standing in
fields are permanent features of life here, particularly in the
heart of the plateau around Haswell, Coal mining has also
suftfered long trom the prodigious supplies of unwanted water
from the Magnesian Limestone and Yellow Sand, although Sunderiand,
South Shields and Durham are more than grateful reciptents of this

water,
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Geology

The areas of Magnesian Limestone outerop are restricted
as inspection of the map (Fig.2) will indicate. Nowhere is
there a complete absente of drift infiuence. Even on the thinnest
and most Rendzina-like soils for example outside the northern walls
of the Farding Lake Golf Course, near Marsden, traces of coal and
other minerals not associated with the insoluble residue of Magnesian
Limestone are to be found. Most areas with thin soils over
limestone suffer from the sterilising effects of limestone
quarrying or are made waste by networks of pittfalli: chasms.
Natural swallow holes are not normally associated with this
limestone formation but subsidence sinks have similar effects in.
isolating smaii paréeis of vaiuable land and causing loss of lif;
particulariy amongst sheep.

Because of the lack of extensive exposure a detaiied description
of the geology is unnecessary. Some acquaintance with the various
forms of Magnesian limestone is however essential as most soils
in the region are developed on Drirt or moraine and there are
varying degrees ot fragmented and weathered limestone incorporated
within these glacial deposits,

Divisions ot the Permian in this part of the country can be
conventionally represenied as foliowss-

West of the Reef. East ot the Reef.
Red upper Maris, marly red false-

bedded sandstomne, thinly
fossiliferous dolomite

Beds limestone, beds of sale
anhydrite and gypsum,
Only 300 ft. thick.

Gypsiferous colites. Oolites (originally
Upper Limestone. gypsiferous) of Roker and
Hartlepool., 100 ft, thick.
Upper
Limestone. Concretionary limestone.

Bedded concretionary
dolonite and calcareous
rock., 250 ft. thick.
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West of the Reef East o the Reef.

Segregated limestones. Flexible Unbedded dolomite
Middle Dolomitic limestones and Lime 12! cglcgreous
limestone 240 f+t. . shell bank of Yellow .

* Dolomitiec colite. Bryzoan Reef. 300 ft. thick.

Fogsiliferous dolomite bedded dolomite

Granular oolite and segregated limestone

250 ft. of yellow bedded dolomites and dlomitic
Lower limestones with vhich are interbedded in the south of
Limestone the country lenticlies of grey calcareous limestone,

These beds thin out rapidly north of Sunderland.
Marl Slate. 3-8 ft. of thinly lLaminated dolomitic and calcareous marl,

Yellow Sand.Pockets of ioose sand varying depths in hollows in the
pre-Permian land surface.

Diagnostic features of the Lower Limestone inciude its colour which

is predominantly yeliow, but bands of brown, grey and white occur,

Sometimes black crystals of manganese dioxide 'pepper' the surface.

the rock is otten sub-crystaiiine, generaily compact and not friable.

The Middie Limestone includes highly fossiliferous beds and
generally contains the highest content of magnesium carbonate.
Some is, however, more calcareous owing to the leaching out of the
magnesium carbonate. The colour is usuaily yellow to brown but
manganesedioxide can confer a much darker appearance as for
example in the wicinity of Tunstail Hills. More easterly
representatives of this series are thinner bédded and less friable.

_ The Upper Limestone inciudes soft powdery maris, hard blue-
stones and the famous Cannonball Limestone.

The Composition and texture of the Magnesian Limestone exhibit
great variety. Calcium carbonate and magnesium carbonate together
amount to 90-95 percent of the materiail, ‘Yhe proportion ot calcium
ecarbonate can vary trom 38-99 per ceni and the magnesium carbonate
trom 1-50 percent, The rock is generally rich in magnesia but
rarely a true dolomite with calcium carponate at 54.35 per cent
and magnesium carbonate at 46.6 percent. Some beds have sufficient
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detrital quartz to ailow an approach to sandstone characteristics.
Great variations occur within . the same part of the formation.
For example Smith notes the following variations within the Middle

Limestone. (17)

1. Maesive and very massive, hard, creamy,brown dolomitic
limestone presenting many large rounded surfaces and composed
of all types or shell debris firmly held in a fine matrix
otften rich in Bryzoa.

2. Irregular sheets and wedges ot talus, often steeply dipping,
produced by contemporaneous erosion of the reef,

3¢ Breccias and breccio-conglomerates probably formed as in 2,
and also bedded limestones laid down as an upper surface.

4. Irregular pockets of loosely cemented shell rubble and earthy
nateriai and a tauna rich in gastropods and foraminifera,

5e More or less bedded depesits of shell debiis which accumulate

in holiows on the surface of the reef and which now appear as

brown or white cryetailinebdolomitic iimestone,

Elsewhere in the Upper and Lovwer lMagnesian Limestones dolomite
and purely calcareous limestones are found side by side in the same
quarry face with sharp vertical or horizontai divides, the
proportion of caicium carbonate to magnesium carbonate in the
limeatone is of great importiance to the chemistry of the soil and
theretore to agriculture. From experience it seems that the more
triaple ahd powdery rocks from any part of the limestone have the
higher proportion of magnesium carbonate and that wnen subject to
weathering these rocks assume a darker colouring than the more
calcareous limestone. As will be noted later the more calcium and
magnesium carbonates present in drift soils the better quaiiiy of
the soil both physicalily and chemicaliiy, a fact clearly reflected in

Crop responses.

The Limestones contain appreciaple but variable amounts of
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iron which alter the colouring of the rock considerably, The
insoluble residue is rarely above 5 percent and shows .derivation from
a variety of rock types imciuding acid and basic ignesus and
metamorphic rocks, Crampton (18) has identified monazite, zirconm,
apatite, sphene, topaz, tourmaline, rutile, pyroxines, amphyboles,
garnets, quartz and fildspar. Secondary minerals found frequently

in situ in limestone .or in drift include calcite crystals and
calcopyrite incliusions, |

It will therefore be clear that there is great variety in
parent materials and therefore great complexity in the soils
developed..

3(b) Superficial Geology

Superficial deposits cover more than threequarters of the
Magnesian Limestone in varying thicknesses. Dougall (19) gives
the following list of superficial deposits encountered in the

North East.

1 Formation Parent Material
* Post-glacial deposits Btown sand

Alluvium

River terraces

Marine alluvium

Peat.

2. Glacial depoeits
Jurassic and Triassiec
mixed drift.
Triassic till
Triassic and Magnesian
Limestone mixed drift
Permo-triassic till
Triassic, magnesian
Limestone and Carbon-
iferous mixed drift
(g) Triassic and Carbon-
iferous mixed drift
(1) coal Measure till
' ; Carboniferous till
(x)-(s) deposits derived
from older strata and
found mainly in the
west of the country.

)
)
)
)
3 Bedded sand ‘and gravel
3
|
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The only extensive area of blown sand encountered in the region
is around Warren House Gill on the coﬁst near Horden Colliiery.
Trechman terms these dune-like deposits 'loess’'., ihey give rise
to shallow soils with excessive drainage and are either waste land
or devoted to pasture. ‘he Carr lands of Bradbury, Morden and
Hainsforth have extensive areas of basin peat over blue-grey or
red-brown silty clay. Some partw of these peat basins have been
improved and now support regular cultivation, bui mostly they are
still regularly waterlogged and used at best for permanent pasture.

Vhile recognising the vaiue of Dougall's classification a
simpler division of the drift encountered during the current survey
is possible. The nérth and western paris of the region are covered
by what can be conveniently termed Lower Drift. this is a
calcareous mixed drift consisting of Carboniferous and Permian
materials with diverge mechanical composition and lithological -
characteristics. Dougall groups the soile formed on this drift
into. a 'Dalton Associatiom'. ‘'hey are dominated by his Haswell
Series and Improved Haswell Series. Seoils of this type are
ditiicult to elassify and map because ot the great lithologieal
variety within very small areas. Depth of drift over the Magnesian
Limestome and the proportion of weathered limestone in the mixture
are important but variabdle factors. The broadest common factors
chosen for delimitation are quality of drainage and depth of topsoil
in the profile:: as these correspond best with overall soil quality
for agricnltural purposes, Generally these soils produce crops of
good quality but with very moderate yields, a limitation particulariy
noticeable in the belt of ill-drained soils around Haswell. Lower
Drift occurs in the east of the area and here exhibits significantly
different features but as it is covered by later deposiis it has
very little infiuence on the soils.. '

‘io the south-east of the region, &8s far inland as Sedgefield,
.the dominant parent material is a reddish till with 'Yriassic material .
of great importance. Mechanical compoesition varies but there is less



(25)

vertical complexity than in the Lower Drift. Nevertheless
chemical and physical properties are sufticientiy diverse to
give rise to a wide range of soils, ‘ihe Place of origin of
materials responsible for these soils is not clear but they may
have been brought in from the bed of the North Sea..

. Purther north these reddish deposits have an increasiné
Magnesian Limestone component which contributes calcareous
characteristics and improves structure and depth of top-soil. Such
material gives rise to brown or red-brown sandy loams, to red-brown
more compacted medium loams. Dreinage conditions are important
distinguishing factors contributing to recognisable properties in
the profiles developed. The poorest soils are shallow, grey-brown
medium loams over pale red-brown clay loams with typical rust
nottiing, There is usually no calcareous reaction in at least the
top two teet ot soils developed on this material but the pH rises
sharply with increased depth and reaches figures arouhd pH8 within
the range of root development.,

For a short distance north and south of Easington Colliery and
. siretching inland aimost to Shotton Colliery lithological complication
becomes .even more difficult because of the addition of Carboniferous '
dritt to the mixture ot Yrimsssic and Permian material, Brown clays
and red clays are seen in.close juxtaposition and oiten wedge out
above or below each other, Drainage conditions again:: distinguish
soils on the level of crop response but mapping these differences
of drainage with any acéuracy is a diftficult task. Free drained
soils are deep friable sandy loams over brown medium loams, Slightly
poor drainage is indicated by rust mottling in the surtace horizons
vhile bad drainage is seen in the amount ot blue-grey gleying, far

shallower topsoil and inoreased heaviness of texture.

‘he above is the pileture ot superticial deposits at their
simplest. Yhe general sequence of glacial evenis may have involved
the covering ot the whole region with the browner and greyer Lower
Drift. In the east this was covered with the redder Upper driit with
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the three mentioned divisions, Between the two drifts, vertically
come the Middie Sands bui these have no surtace :slgiticance,
Between the drifts as seen at the .surface is an indeterminate belt
of morainic fluvoglacial deposits. 'hey can be tound in patches
ot varying size trom South Hetton to Acre Rig, Peterliee,Wingate,
Hart Hall and some of the knoll like features around Sheratoﬁ.
‘‘these are sands and gravels mainly, with variable admixtures of clay
and large boulders, - 'they are included in the same Series as similar
tluvoglacial deposiis elsewhere in the region but here they seem to
form something of a boundary line between the two drifts. ‘they
otten have a higher e¢lay component than thedir counterparis eisewvhere.

The Lower dritt would seem to have been directed in an easteriy
direction, while the Upper Drirt is.trom the north. ‘‘he Lower
drift begins to turn . south eastwards along the mentioned line of
fluvoglacial deposits, this is of more than academic interest
because the boundary ot moraine is far. from. adequate and there is
frequent mixing of Upper and Lower deposits.. Along the Hart road
for example an electricity tvrench revealed bands of Upper ciay
sometimes over the Lower drift and sometimes underneath. -this is
typical of much.ot the junction zone, although at Daiton there is a
very clearcut boundary between the o:verlying Upper Clay and.the
Lower, wherever an intervening concretionary zone is absent. Soil
creep or lake deposition does not seem an adequate explanation as
the feature occurs on even land and at the iop ot hilis, Perhaps
an explanation can be found in association wiih another important
observation true of most of the driit throughoui the region.
Everywhere the top toot ot drift, or sometimes up to five feet,
was. distinct from lower parts in that most of the lithological
complexity had been removed., Smalil veins ot sand and definite
orientation of stonee surprisingiy seem absent. In tact everyning
appeared 40 have been mixed inio a homogenous mass, despitue
subsequent structurai developments through weathering and surface
cultivation., this feature is so common that normal soil creep

will not give a satisfactory explanation. It seems possible that
the whole region has experienced periglacial or semi-tundra conditions



(27

during which the surface drif¢ would be subjeét at times to
freezing and at times to siudge condisions, ‘this could produce
considerable mobiliiy and can quite easily be. visualised as causing
the peculiar mixing and distertion notable today. ‘*his does not
however simplify the iask of soil survey because aithough most

of the dritt has undergone changes in this way to some extent,
these changes are io varying degrees and varying depths, and the
protile of course extends into the difterent driits.beneath. It
will:tnerefore be. appreciated that survey is not easy in such an
area; boundaries are sometimes arbitrTary and areas shown as one
Series . . inciude many.smail patches of soil reaily closer to
another series but oi too minuie spatial development to be

represented even on the s8ix inch to the milie scale,
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Chapter 4. Clinate

‘Yhere are importani diiferences in climate within this region
because of difterences in elevaivion, aspect ana proximiiy io the
coast, ‘the whole area to the east of the Pennines has a lower
average raintail than areas ot similar latitude to the west. ‘fhe
ceniral escarpment interrupis iﬁe pattern ot decreasing precipiitation
from west %0 -east, trom the heads ot the northern deies io the
coast., . ‘The mid-Wear Valiey has an average oi 25=-27 inches whiie
the highest lobe oi the scarp tfrom Keiloe to Piitington inciudes
averages ot over 30 inches. Yhis ceniral area at 500-600 tt. is
' surrounded by progressively drier land untili the narrow coastal
belt between Sunderiand and South Shields whicn receives bui 22-
25 inches annualiy- on average. riost or tne rainrall is eyclonic
and orographic ratier than convectional bui rain received during
thundersiorms is not unimportant especially around Sunderiamd.
‘‘hese storms are evening storme occurring in a period from July
to August. ‘Thunder is heard on the Plateaun area from ten to

twelve times a year on éverage.

Yhe average number of rain days (more than 0.0l% in a twenty
four hour period) is around 170 throughout the region bui averages
conceal .great variation, ‘'he lowest number ot raindays recorded
in the period 1943-1957 was 123 at Sunderland (thornholme) and
the highest was 233 at WestHertliepool Waterworks. At each ot the
fourteen stations shown in Fig.3. the number of raindays are widely
scattered between these two limits. Lower totals usually correspond
with drier years and higher toiais with wet years., Totals for
all the stations tend to move up or down in corresponding proportions
depending on }he wetness of the year, but the range is very great.
Stations nearer tpe'higher scarp area always have more rain days
in the same year; than stations nearer the coast. ‘“here is similar
variety in totals of days with ovér 0.4" of rain, between a minimum
of 90 and a maximum of 160, In fact average f€igures are so rarely
achieved that they are almost meaningless. ‘The picture is rather
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‘of substantial variation on either side of ithe average. ‘this
applies:especially'to'rainfali totals,. Annual totals range from
14" on the coagt t0. over 40" on the cenirai scarp top,. The

range of totais at any onme station is equally dramatiec, In each
stafion the maximum ahnual total -of precipitation in the twelve
yaaré under study is aimest or even more than double the minmimum.
The range at a.dry coastal region.of the south (Hart Reservoir) is
from.14" to 27.5" (average 21.5"). Ffarther north at Sunderland
it is from 16.,5" to.33,.52" (average 25.5"). Near the scarp at
Shoiton . the range.is from 19.9" to 35.1l" (average 29.45)-and at
Easingtom from 18,3" to 34.4" (average 26.2%), As with rain day
totals absolute annual precipitation totals trom the different
stations filuctuate reciprocaily depending on the season. ‘The
only station that consistemtiy fails to record patterns of
fluctuation correspomding to other places is Sunderliand and this
may be due to the irregular infiuence of convectional thunderstorm
rain. )

The imporitance of the above raintall statistics is that the
absolute maximum of siightliy over 35 inches along the scarp edge is
but a moderate precipitation, and there is no guaraniee of anything
approaching that total, VWesterly wetter paris.often have less
precipitation than the average coastal rainfall, Despite the
average totals much of the region frequently has less than 20
imches of raintall. This shortage would be most serious nearer
the coast but here common sea frets may have a significant
mitigating influence. Dry and wet years appear to recur im a
regular cycle of aitvernate years fiom 1949-1957 but this feature
is not persistent throughout the period 1881-1949,. When it does
occur it is of great significance to local farming. The year
1949 was very dry and the harvesis were early, Fortunateliy it
followed a very wet season 1948, and yiélds were comparatively
high throughout the region but more so on the clay soils than :@
on limestone soils., In 1948 and 1950 barley yields were upto the
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two ton mark on the thin limestone soils because of the wetness
of the season. Normal harvests yield 20-25 cwt. to the acre.

Graph Fig.3 shows that the main feature of precipitation
as far as agriculture is comcerned is unpredietability, 50-150%
deviation from 1881-1915 averaées. There is also the tendency
to shortage near the coast. Extremes are notable because they
usually occur in the same year at most stations. Lowest rainfalls
came uhiformly in 1949 and the wettest year was 1950 almost every-
where., No. year approximated to the average totals butthe median of
thirteen years closely ecorresponds with totals for.1952, This
correspondence happens only once im thirteen years. '

The seasonal incidence of rainfali is also of agriculiural
importance. . Here again averages tend to mislead. Periodicity is
very variable. At several stations maximum rainfall has been
recorded in every month .except May and June, although average
monthly records show October as the wettest month (1881-1915).

More recently October. would appear to have bcome drier and July,
August and December have become 'wetter' monthe. Drier momths
inciude April, March and February and often September. Generalliy
spring is the diiest season with late summer and early antumn the
wettest, especially away flom the coast. this is doubtless partly
the reason for the absence of spring wheat in thewest of the region.

Snowfall is also unreliable. Its frequency is due to the
sivuation of the region within the influence of polar air and
instability showers, Its quﬁn&ty is due to orography, its duration
to altitude and quaniity. Por every 50 ft. above 200 ft. in thp.
region there is generally an added day of snow cover in the year,
Average days of snowfall on the coast are about twenty, but this
represents a range from 8-40. in different years. On the scarp
the range is from 10-50 days of snow fall, Most of the snow falis
between December and March, The greater frequency ofinstability
showers in this period is responsible for its prominence in snow
fall over the early winter period. The first falli however is
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usually in November and the last in April, although there are
sometimes occasional showers in May. At the coast there are
often more days of snowfall than of snow lying, but this is not
the case higher up on the plateau, Snow lies on average for 7-8
days at the coast and as may be expected this increases inland.
Duration of snow cover varies not only with the severity of the
winter, but also with local topography and aspect. Snow lies
longer on higher ground and on north and east facing slopes. In
the severe winter of 1962-63 the contrast between the scarp between
Kelloe and.Pittington and the mid-Wear Valley or the coast Hself
was marked, On the central scarp show was far deeper, drifted
more severely and lasted far longer than in neighbouring but
lower areas, Especiaily difficult conditions were experienced
in the vicinity ot Kelloe where roads were blocked and grazing .
land deeply covered almost continuously for nearly three months,
Even in the vailey :-." Houghall experienced 65 days of continuous
snow cover.. Winter teed is a very great problem in such a région
especially with a large sheep population. The only advantage ot
such a lengthy duration ot snow cover is the protection it affords
against frost, This was particularly well demonstrated in 1963,
During January and February of that year there were exceedingly low
temperatures and occasionai strong cold winds over a period of two
months, At Shincliife near Houghall the snow cover was partially
cleared .:.-. .. during an 'interglacial' and the ground was frozen
to.a depth of three feet by gubsequent frost. this necessitated
resowing with spring grain, ‘the scarp foritunately had sufficient
snow cover to keep out the frost and the winter wheat came aﬁay
successfully in the spring despite the extremes of the prolonged

winter,

the East Durham Plateau us not generally as cloudy as areas
ot corresponding latitude in the west of England. In the spring
and parly summer, however, sea frets are often sufiicientiy
persistent to be a very bleak feéture of local climate. ‘This
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weather occurs very suddenly and can persist for severai days. It
may be clear during the atternoon of the day it first forms only

" to set in again in the evening or on the following morning. -It

is caused by easterly.winds, common in March to July,.but most
frequent in April, May and June,tand the cooling effect of the sea.
It takes the form of shapeless stratus clouds between 300 and 800
feet.and is accompanied by intermiitent drizzle, poor visibility

and chilling easterly winds. Its penetration westwards is
irregular but it frequentiy passes beyond the scarp and..the whole
East Durham Plateau is attected. Anticyclonic gloom, another North
Sea cloud forming at 1500 - 4000 ft. aiso infiuencesthe region

with drizzle and coild winds pariicuiariy in the spring. Normal
cyclonic cloud, is in contrast to the latter forms, more dominant
over the scarp edge than .at the coast. It loses much of its rain
before it reaches the sea and is responsible for the greater raintall
in the_h;gher and more westerly paris of the region. '

‘An aiternative form of sea-fret occurs during caim.or siightiy
breezy conditions. this is.reaily a fog and occurs but occasionaiiy
in sp:ing,.summer and autumn, Inshore breezes may carry it inland and
iift iv above the land surface giving the appearance of a fret, but
its effecis are limited to.a narrow coastal belt. Yhis region is, v
however, .beyond the main fog belt of Great Britain and because
of persistent easteriy breezes, the limited aggiomeration of dense
population, and the undulating topography, dense togs are rare.

Locai pools of mist in pockets and hollows are more common,

Smoke with all iis deleterious eftects is however a feature of
industrial ‘‘yneside and 'feeside and this contributes to the poor
visibility during sea frets and anticyclonic gloom. ‘the worst
condiitions are, however, experienceil where there is a northwards
drift ot Midland and Yorkshire smoke, .Considering the infrequency
of dense fog chemicai pdiution of the soil. in the region is
surprisingly high, One of the reasons given for the lack of
maliing quailiy barley over the thin magnesian limestone soils is
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that the crops are too dirty. In this coniext poluiion from other
sources. than indusitrial smoke must be cited. With prevaiiing
strong winds ihere seems 1o be a.free circulation of coal dust
throughout the region and even worse the spread of Magnesian
Limestone dust, especialiy from the larger quarries. School
Playing fields in. the neighbourhood of Coxhoe have, tor example,

received severe scorching trom such a source in recenti years.

From a single station in the region an average ot 1383
hours of sunshine in the year has been. obtained, the highest .
month is June tollowed by May and July. ‘i‘hese tigures have liitle
agriculturai signiticance except that they are perhaps alittle .
lover. than desirable, but most farmers im Britain would.meke the .
same compiaint. What is certain is that.crops are harvested late,
because ot late ripemning,._or because the ground is wei and. the
grain needs urying, Grain driers are esseniial for efficient
arable farming in this regionm. '

Aspect, exposure, altitude and proximity to the sea are
obviously the chief infiuence on temperature in the regien. Near.
the coast temperatures range between 20-80° ¥ and occaslionalily they
fall below 20°F and very..occasionaliy fall below 10°F and rise above
BOQF. July and August are the warmest months and January and
February the coldest, there is a slight diiference in range
between coastal and scarp areas, especially in early summer, for
mean maxima, and in winter for mean minima, Annuai range is from
27°F to 50°F at the coast and 31°F to 53°F at the scarp. Spring
is later and cooler on the East Durham Plateau than over .much of
England. 'fhis is partly the.reason for the absence of spring -
wheat over much of the region., the moat favoured areas are the
coastal denes and the western imdentations into the scarp, which
are. somevhat protected from cold easteriy winds. ‘the more
westerly valleys are particularly notabJe for their earlier start
and higher yields but this is not a result of temperature alone..
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‘*he physical and chemical conditions of these deeper solls with the
admixture of magnesian limestone aﬁd drift are of great significance.
Although spring is two or three weeks later than in areas slightly
to the south in the Tees basin the slowness of growth om the
plateaun has its advantages., One is that plants are lessrliayle t0o 8
t00 early flush and are less susceptible to late trosts, dértain
plants.are also less liable to bolt. .The first air frost is
usually.in Octeber and the last in May. July and August are the
only two regularly frost-free months but even this cannot be.
guaranteed. Mild air fro.sts occurred twice in mid-August 1964.
The worst frosts occur in.January, February and March. The Tyne
and Tees estuary areas have a considerably lomger frost-free period
than the plateau. Katabatic flow.is an important infiuence in the
region because the scarp edge seems remarkably free of frost when the
mid-Wear valley is locked in frost, and the coastal region to a
lesser extent. The influence of the greater snow cover at the
scarp is an added advantiage. The thin scarp soils do not require
the assistance of frost to aid later cultivation as do the heavier
clays, fhese lighter loamy soils at the scarp might be expected

to get an eariier start than more easterly clays but except in.

the vaileys eievation and exposure to .cold easterlies seems to
counteract this, Further .east sandy morainic soils do have an
earlier start than neighbouring clay but this latter fact is due
rather to the dryness of the land and tractor bearing conditions

than temperature conditioms alone, uver the whole region the
growing season can last trom mid-April to November or eariy Decembex,

The coastal belt ot County Durham is a markediy breezy region.
In all kinds of weather comditions other elementis are nearly always
aceompanied by winds or at least a strong breeze even in an
anticyclomic pressure system.

Winds with a westerly component naturally predominate as in
the rest of the British Isles, but here winds from the north and east
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are of almest equal ffeqnency and they are particulariy common

in spring and early summer and sometimes winter. Gales are less
frequent than on the north-west coast. and are usually. associated with
the frequency of depressions passinmg over the country., VWhen

they occur in winter or spring they arqﬁsually from the east and

this part of the country certainly has more easterly gales than the
rest of England. The average frequemcy of gales is five to a year
but there is variation from two to.ten, ‘fhe occurrence of sea
breezes has already been mentioned. Off-shore breezes: are very
rare. The effect of winds is seen in flattened barley every year
in this region but there is usually sufficient growing time after the
nain summer gales to allow the crops to stand agaim, Nevertheless
vinds are responsible for grain losses, difticult to assess but
nevertheless significant each. year. Late gales in the third

quarter of August 1964 for example scattered some of the graim fifom
an early ripened crop and reduced slightly what looked earlier

like a very good harvest. There are few windbreaks on the East
Durham Plated@-

In conclusion, the climate ot the East Durham Plateau is,
like the rest ot the North-East, severe especially in winter,
but here it is somevwhat wetter, cloudier, coaler and breezier,
though less subject to frost, than the inland valleys.
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Yegetation
ghapter 5

‘ithe whole of the region has long.been cultivated and there is
littie undisturbed natural vegetation. ‘Yhere are & few quarries,
rough areas on the steeper parts of the escarpment, small woods
and denes which are of importance in preserving plants of diagnostic
significance. 'ihe spread of these plants aslong hedge-sides can be
of great use in indicating soil changes, especially in response to
varying amounts of Magnesian Limestome in the profile. Yhis was.
first observed in the vicinity of Bishop Middleham, ‘'fhe Boundary
line .between a sandy Magnesian Limestone brash soil and a sandy
fluvogliacial 80il is here very sharp although this is not immediately
obvious on a textural basis, by HCl reaction or by topographical
features., The line was clearly marked, however, by the purple to
blue flower of the Knapweed, which grew in profusion along hedges
and paths on the limestone soil bBut was cut out completely along
the edge of the fluvoglacial material. Further investigation led

to the simple observatiom that at that time ot year (early summer)xi
s0ils with a high proportion ot Magnesian Limestone in the parent '
material, including some drift soils, were deominated ﬁy’blue
coloured flowers. . This correlation proved so useful that further
records of signif;cant plants were made and are gummarised below,

Magnesian Limestone soils . are often thin and do not form
the ideal habitat for woodland. Extensive cultivation has also
reduced the number of trees in the region, The denes near the
coast preserve the best remaining stands, Hawthorn Dene has the

tollowing flora

Upper and Middle Layers

Eunonys europaeus Crataegus monogyna Ligustrum vulgare
IlexEAéqgifolinm Hedera Helix Viscum album
Acer ‘eampestris Cornus sanguinea Ulmus montana
Ulex europaeus Sambucus nigrs Corylus Aveliana
Prunus institia Viburnum Opulus Salix Caprea
Rubus spp. Lonicera Periclymenum Salix atrocinerea

Rosa spp. Fraxinus exelsior Taxus baccata.
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Magnesian Limestone soils are often thin and do not form the ideal

habitat for woodland.
of trees in the region.

remaining stands.

Upper and Middle layers

Eunonymus europaeus
Ilex Aquifolium
Acer oampestris
Ulex suropaeus
Prunus institia
Rubus spp.

Rosa spp.

Anemone nemorosa

Caltha palustris
Helianthemum nummumlarium
Viola hirte et spps
Polygala vulgaris
Melandrium rubrum

Hypercium dubium, humfusium

Linum cathaerticum
Geraneum sanguinium,
pratense, sylvaticum et
robertianum

Oxalis Acetaosella
Genista tinctora
Viccia Cracca

Lathyrus pratensis
Filipendule Ulmaria
Rubus Idaeus, casius
Gem urbanum, rivale
Fragaria vesoca
Agrimonia odorata
Poterium Sanguisorba
Sanguisorbe officinalis
Epilibium hirsutum
Epilobium parviflorum,
montanum et palustre

Crataegus monogyna
Hedera Helix
Cornus sanguinea
Sambucus nigra

Viburnum Opulus

Lonicere Periclymenum
Fraxinus exelsior

Ground layer

Asperula odorata
Valeriana officinalis
Scabiosa Columbaria
Erigeron acris

Achillea millefolium
Senecioc erucfolius
Carlina wvulgaris
Carduus tenuiflorus
Dactylorchis purpurella
Serretula tinctorisa
Centaurea nigre,Scabiosa
Picris spp.

Lactuce muralis
Campanula glomerate,
latif'olia, rotundifolia
Primule vulgaris, veris
Iysimachia vulgaris sppe
Centaurium umbellatum
Gentiana campestris
Myosotis scorpioides
Solenum Duloamara
Veronice montana

V. officinalis
Euphrasia nemorosa
Origanum vulgare

Extensive cultivation has also reduced the number
The denes near the coast preserve the best

Hewthorn Dene has the following flora.

Ligustrum vulgare
Viscum album
Ulmus montana
Corylus Avellana
Salix Caprea
Salix atrocinerea
Taxus bacoata

Ajuga reptens

Visocum album
Pariataris dif'fuse
Neottia nidus-avis
Cephalanthera longifolia
Listera ovata

Orchis mascula

D. Fichsii

Ophrys spifera

0. insectifera
Cymnadenie conopsea
Coeloglossum viride
Allium ursinum
Convallaria majalis
Lilium Martagon

Paris quadrif

Luzula campestris
Arum masculatum

Tamus communis
Agrostis stolonifera
Deschampais caespitosa
Holcus mollis
Helichtoricon pubescens
Arrhenatherum elatius
Melica uniflore



Chemoenerion augustifolium Glechoma hederachea

Circaea lutetiana
Sanicula europaea
Conopodium majus.
Angelica sylvestris
Brachypodium sylvatiocum
Pterodium aquilinium
Phyllites Scolopendrium

Prunelle vulgaris
Stachys offipinalis
S. sylvatica
Teucrium Scorodonia
Athyrium £ilix f,
Dryopteris filix m.
D. dilatata

The dene flore is as indicated very rich.

(3¢)

Brizia media

Dactylis glomerate
Festuca ovina.F.rubra
F.gigantea

Galium cruciatum
Equisitum Telmateia
E. sylvatioum

By contrast, neaxr

Quearrington Hill, again over thin limestone solls, but far more exposed

then the denes, the main tree is the ash,
Rowans and sycamores are present.

elder, guelder rose, hazel and sallow,

Anemone nemorosa
Ranunculus asuricomus
Viola spp.

Melendrium rubrum
Oxalis Acetosella
Geranium robertianum
Geun rivale, urbanum
Fragaria vesca
Potentilla fragiastrum

Rubus Idaeus
Sanicula suropaea
Conopodium mejus.
Angelica sylvestria
Hedexra Helix

Galium Aparine
Asperula odorata
Crepis paludose
Veronica montana

Occasional hollies, birches, -
The shrub layer is composed of hawthorn,

The ground layer is very poor,

Stachys sylvatica
Urtice dioicae
Orchis mascula
Allium ursinum
Tamus communis
Soilla non-sgscripte
Arum masculatum
Athyrium filix f.
Dryopteris filix m.

Scrubland often develops where rough pasture is allowed to deteriorate.

The first invader is usually ash but often hawthorn seems more important,

for example, in the embayment into the escarpment south east of 0ld

Quarrington.

In recently developed scrubland at Garmondsway shrubs

include Cretaegus monogyna, Rosa dumalis, Rosa mollis, Prunus spinosa,

Rubus sppe.s and Viburnum opulus.

Ground vegetation includess



Polygale vulgaris
Viola hirta. Vesppe
Hypericum pulchrum
Linum catharticum
Lotus corniculatus
Lathrus pratensis
Vicia oracca
Fragarie vesca
Potentilla reptans
Poterium sanguisorba
Hiercium pilosella

Primulae veris
Flantago lanceolata
Centeurium umbellatum
Prunella vulgaris
Rumex acetosella
Trisetum flavescens
Arrhenatherum ealtus
Agrimonia Eupatoria
Heracleum spondylium
Galium verum

Knautia arvensis

Sucecisa arvensis
Senecio Jacobea
Carduus nutaens
Cirsium vulgare
Centaurea nigra
Holcus lanatus
Sesleria caerulea
Dactylis glomerata
Brize medie
Festuca.avina.F.rubra
Bromus erectus

B, sterilis
Brachypodium sylvat.

Scrubland varies throughout the region, especially as moisture

conditions varye.

soils with a high Magnesian Limestone content.

The above list may, however, be taken as typical of

The scrub encountered

in the denes is far richer than that desoribed above, while further west

it loses variety with increasing elevation, exposure and reinfall.

Of the rough pasture investigated, areas of particular note are seen

at Cleadon, Houghton, Pittington, Strawberry Hill, Hawthorn, Easington,

014 Quarrington, East Hetton and Raisby.

Cassop vale is of special

botanical interest and the following plant list from that site is due to

J.We Heslop Harrison and J.A. Richardson,

Ranunculus bulbosus
Helianthemum nummularium
Viola Riviana

Viola hirta.Ve.spp.

Ve Reichenbachians
Polygala vulgaris
Linum catharticum
On_onis repens
Anthyllis vulneraria
Lotus cormiculatus
Fragaria vesca
Alchemilla xanthochlora
Agrimonie Eupatoria
Poterium Sanguisorba

(20)

Dactylorchis Fuchsii
Orchis mascula
Gymnadenia conopsia
Coeloglossum viride
Lugula campestris

L. pilosa

Carex caryophyllea
Ce. flacca
Anthoxanthum odoratum
Holcus lanatus
Trisetum flavescens
Senecio erucifolius
S. Jacobea

Carlina vulgaris

Gentiane Amarella
Veronica Chameedris
Rhinathus stenophyllus
Euphrasis nemorosa
Origanum vulgare
Thymus Serpillum
Stachys Betonica
Plantage maritime

P. lanceolata

P, media

Listera ovata
Heliotatrichon pubesc.
H. pratense
A_rrhenatherum elatius



Sanguisorba officinalis
Pimpinella saxifrega
Conopodium ma jus
Silaum sileus

Galium verum
Knautia arvensis
Succisa pratensis
Scabiosa Columbaria
Bellis perennis
Antennaris dioica
Achillea Millefolium

Carduus nutans
C.crispus

Centaurea nigre
Ce.Scabiosa

Crepis virens
Leontodon hispidus
L.autumnalis
Hieracium Pilosella
Campenule rotundifolia
Primula veris
Centaurium umbellatum

(39a)

Sesleria caerulea
Koeleria gracilis
Dactylis glomerata
Briza media

Festuca ovons
Brachypodium sylvaticum
Selaginella selaginoides

In other rough pastures Bromus erectus becomes locally dominant,

as, for example, at Garmondsway,

in the above-mentioned paper.

Other distinctions are clearly drawn

In mid and east Durham on soils with regularly impeded drainage, local

plant assemblages are similar to the following near Querrington Hill:

Celthe palustris
Trollius europaea
Filipendula Ulmaria
Geum Rivale
Epilobium hirsutum

Galium palustre
Veleriana dioioce
V. officinalis
Cirsium palustre
Cehetero phyllum

Primula farinosa
Scrophularisa aquatica
Mentha aquatica
Phelaris arundinacea
Phragmitis communis
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the above record shows considerable overlapping ot plants
in different environments, but with the assistance of the lists
it is possibie to deveiop the idea of indicator planis trom the
point of rudimentary obéervations mentioned earlier., he following
list is invaiuable for survey in the region certainly at Soil Series
level, The follewing plants are restricted to soils with a
preponderant infiuence of Magnesian Limestone.
Acer campestre. Denes and hedges in the south of the region.

Agrimona odorata. Denes

Anthyliis Vulneraria. Throughout the county but moretrequent
- over the Magnesian Limestone.

Aquilegia vulgaris. Mainly found in the denes.

Arabis..hirsuta. Rough pasture.
Astragalus danicus. Sporadic mainly coastal.
Bromus erectus. Rough land in the western scarp area.

Cerastium arvense., Not common. Poor bare Magnesian Limestone habitat

Cirsium erphorum. Found in abundance (H-H) Garmondsway.
Clinopodium vulgare. Woods, hedges, bank sides.
Coeloglossum wiride., - Widely distributed, localiy profuse.

Cornus sanguinea. Occasional in denes. : A

Crepis paludosa. Denes and more western woodland.

Dactylorchys purpurelia. Abundant good indicator.

D, Fuchsii. Abundant throughout the Magnesian Limestone region.
Flower colour striking purple but in some locaiities
whitie,

Daucus Carota, Grassy slopes.

Erigeron acris. Abundaant in some localities.

Gentianag Amarelia. Good reddish purpie indicator common.
G, Campestris. Similar but less trequent.

Geranium coiumbimum. Occasional .

G. Sanguineum. Coastal.
Gymnadenia conopsea. Very abundant fliower whiie vo purple-red.

Helianthemum nummularium,. General over limestone in pasture,
roedside, banks and cliifrs.

Hypericum hirsutum Prolitic in denes and quarries.
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Hypericum montanunm, Similar.

Lactuca virosa. Denes and mid-Skerne.
L, muralis. Wider distribution than sbove.
Ligustratum vulgaris, Denes

Linum angelicum. Irregular e.g. Penshaw, Tunstall, Marsden, Kelloe,
L..catﬁarticum. Abundant colonist on disturbed limestone soils,
Ononis repens Mainly coastal but aiso at Bishop Middleham.

O. spinosa. - Mbre frequeni, inland.,

Orchis Morio. Rough. pasture and meadow.

0. Mascula, Similar, Not good indicaiors.

Ophrys apifera. . Scattered locaiities,

Origanum vulgare. Woodas, hedges, bank sides. ' Greai variety in
flower colour,

Paris quadriflora. Denes

Parnessia palustris. Coastal

Pimpinella saxifraga. More common in this region ithan elsewhere in
the county.

P. Major Coastal, not common,
Plantago maritima. Coastal and scarp area.
P, Media. Grasslaud, plentiiui,

Poterium Sanguisorba. Everywhere, eariy colonist ot disturbed
Magnesian Limestone soil,

Primula veris, Abundant
Rosa spp. Not a useful indicator.
Scabiosa Columbaria. Useful abundant inaicator

Senecio erucifolius, Common but less trequent towards the coast,

Serratula tinctoria., iMainly coustal

Sesleria caerulea. Throughout the Magnesian Limestone region but
not common near the coast or the south.

Tamus communis, Hedges in south and east.

Viburnum lantansa. Raisby Hill and Coxhoe

Vicia angustifolis, With admixture of boulder clay
Viola odorata. Denes and frequent at 0ld Wingate
Yo hirta, .Hillsiaes

V. calcarea. Restricted to higher scarp edge.
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V.Reichenbachiana. Similar environment, but aiso on the coast.

It will be clear trom the above list that there is much : .
vito. help the soil surveyor in even an eiemeniary study of the wild
vegetation, The origins and dispersion of piant iife.in the
Magnesian Limestone region are mentioned in some detail by Heslop-
Harrison in the above meniioned paper (20), It is not the purpose

of this study to challenge or expand on the arguments there put
forward.
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SECTION ‘W0
MELHODS ADOPYED IN wHIS SURVEY

Chapter_ 1 Soil Survey

The earliest requirement of any soil survey is a thorough
reconnaissance to establish the variety of soils present. The winver
period is probably the best time for such a task, when most of the
arable land is ploughed and colour changes, stoniness and surface
textural variations are obvious at a glance. Exposures in quarries
and other disturbances of the surface are useful in reconnaissance,
but are not generally good sites for sampling materials for analysis,
Heving established some pattern in the general spread of soiis in the
region so0il pits are sunk in areas of soil showing some differences
from neighbouring soil. This involved, in this survey, the sinking
of about one hundred and fifty originai soil pits of which only
about sixty were fimaily thoughtsufficiently represeniative or well
sited to be worthy of laboratory analiysis, Towards the end of the
survey certain gaps in the spread of soil pits became obvious .and
several supplementary soil pits had to be dug. This method of
digging soil piis on siites previeusly established because of noted
80il changes has certain advantages over a system grid siting or
vransects. Its main efteect is to reduce the number of piis needed.
The maximum depth ot profile pit sumk in driit material was aboui
seven teet, although widening boreholes on the line ot the Durham
Motorway and the use oif the N.E. Gas Board pipeline trench allowed
sampling at greater depth,

From field descriptions and concurrent laboratory analysis
distinctive s0il Series were established according to the following
definitionsi- 'Soils with similar profiles derived from similar parent
material under simiiar conditions of development are convenientiy
grouped together as a Series'. within the Series, Types based on
horizontal and Site variation and soil varieties, subdivisions due
to variations in texture, stoniness or topographic factors were to
be standardised later.. The general picture settied, field to field
survey followed using the soil auger to a depth of three feet six
inches (21) Clark. Full descripiions of each auger recovery were
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were made and recorded in code on the six inch 0.S. map, with
accurate location of the profile pits and the soil boundaries as
they became established. The frequency of augering depends on the
complexity of the soil pattern encountered but in general follows

e systematic radiali pattern from the initial profile pit. The
survey in such detail of course brings out the need for further

profile pits where small areas of distinct soil series are encountered.

System and standardisation are all-impdrtant in soil survey
and there cannot be too much detail in the original descripilons
of soil profiles, It is far betier to meniion the absence.of a.
factor than to wonder later whether the factor was present or.not.
To this end a thorough field .sheet was prepared, This was tabulated
systematically and each tactor or property was graded according to
rigid standards which could be expressed numerically. ‘fhe master
sheet gives reference to the section of standardisation plan: in
which the various grades are described. Fieid descripiion is made
possible using a card index system. Two cards were used for each
profile. The face of the first card contaims a description of the
site of the profile pit and the reverse side has a field sketch
of ihe local terrain, The second card includes description of the
profile, and the reverse side is. sectioned off to allow colour streaks
of the soil ror each horizqﬁ dowik the protile. All description:
on the cards was made in numerical or symbolic code and any information
not included on the cards was wriiten in longhand in a fielda notebook.
This procedure cut down the business of lengthy field description
which is particulerly ditticult in wet weather, . It also heiped
considerably in the standardisation of reporting. The page references
in the field sheet shown below are reiated to the standards adopted as
they occur in this thesis, but they would normally refer to the pages
of & small pocket book ot standards carried in the fieid.



(45)

Haster sheet for field card index system

1. THE SITE
Index Number.ccceccococss
A. Soil category.
B. So0il SerieSssecessccceccsTyPeecicccscePhasCessccccs..
Site characteristics

1.

L&cality........................p 49 ) Map referencesscecess
11. Ageo'ooc-oooooo-oo.oooooooo-ooooop 49 ) Map soil symbOJ--oo'o-
111. Topogrephic data: ' Map so0il coloUurs..e.e

1. Altitudeooooooo-ooco-oooo-op 49
2. Slope. class. 00000000000 .p 49
Fom...........‘....p 50

Sy‘llfbol.c..oa.-...-..o? 50

S N SN S S

UNitesseesesosseseesp D1
3. Aspect and exposure.
Wind directionsess..p 51 ')
Shelter/shade.......p 51 )
Colonisationeeseesssp 91 )
4. Surface relief. (micro).s..p 51 )
Iv . Drainage
| 1. Quality of site Arainage.....eeeseesesssd 51 )
2. Possibility of improvement.essesecesesecssd 52 )
3, SUrface TUN=0fF.ceceessssseccscsssssssssd I )
v Parent Material
1. Solid geology/drift typeececccecscccccces

2. EITa_tion...ll...ool'.ll.'o.l--'.-.nt....



(46)

Vi. Natural vegetation.

1. Plant form and ass0ciatioNeceevesesacsesse(D 52 )

2. Special indicator plantSeccececsscsssassse(P 53 )
VII. Climatic data

1. Rainfall (nearest station)

2. Temperaturcesescessccccess

3. Frost periodssecececsosscse

4e Prevailing windSesecessess
V1ll. History.

Special reference to human influenceec.cesessssse

1X. Deleterious factors.._............-.......n.............(p5-3. )

The Site card will therefore appear as follows:-

Site Index NOeeeessescoese Ao B.
1. Map ref. Symbol Colour
II.
III. 1. 26 2b 2¢c 2d
3. Sa 3b 3¢
4
Iv. 1. 2 3
v 1. 2
vIi 1.
2.
VII 1. 2 3 4
VIl

X Arable evaluation
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The reverse side of the card shows a sketch diagram of the local

topography.

The master sheet continues in the following manner with a systematic
fescription of the soil profile, horizon by horizon.

2. THE PROFILE

1e HOTiZONeeonorosoassssasossscaessas(p 4 )

2, Colour., (Munsell)e...eceesssssccss(p 6l )

3, Texture 1, UeSeDehecesosssas(pbl )

2. G-enera.l..........(p62 )

. Coarse skeleton. Stones.
I. Quantityeesesees (p62 -)
II. Chemical nature..(p63 )
III. Shapeesccesseceas(p63 ) |
)

IV, Size........-....(p63

5. Structureoo.ocoooooo--c---oo(p63 )
6. Soil constitution.

1. Porosity, A. aggregate porosity...(pg6 ) B.between a%gregates
P 67

2. Soil ;'sompactness..................(p67)

3¢ INAUratioNee.coesesesssasccscesseas(p68)

4. Consistence (i) Wet.A.Plasticity..(p68 ) B.Stickiness... (p68 )
(11) Moiste.eeseoseenes(P69) '

(iii) Dry .......'.......(p69)



9.

10.

11.

12.

13.

Organic Matter.

1. Quahtitative...-.................(p 70

2. Qualitative...............-......(p 70

Roots.
1. Species of plants presente.ececss.(p

2. Quantity..-....ot".-oa-...o-...o(p

70

70

30 Size....o..'-oo;nocooooooooovoooo-(p),?l

lie ShaPe cececesssesscocesssancassnsl(D
5. Nature..............1;..........,(p
6. Healtheveoessesssocssacccosssscss(D
7e ABCecectncesscacssnssssacncsesanelD
Dreinage and water regime.

1, ClaSBeecesevccesoesocesssssccesssel(D

2. Soil moisture distribution in the
PrOfile- ssedesevococesesscsccecscs .(p

3, Water relationship by texture....(p
Faunal influénces on the soil.

1. Intra-soil faun8.ceeecscacocccccs
2. Extra~soil fauna.ecssesococcccnsce
3, Dual environment £aunfeeeeececseces(p
Secondary chemicalS.cesesscecocesess(D

Soil reaction

1. pH-o-ooo-oooooooo-.oo-ocoo.ao.ooooo(P

2 CarbonateSooo..oooo-.ooo-o(a) ReliCesesoss (b) PedOlogicalo

Special characteristics

(a) Drainage and water regime of the profile

(b) Mottling by horizon.
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SIVE STANDARDS

Chapter 2

The standards adopted for the coded cards were derived trom

the following considerations. ‘he sequence correlates with the

master sheet (p. 45 ).

1, Locality.

111, Lopographic data.

This is expressed in local verms with sthe
name of the farm and it possible the name
ot the field, parent parish or village.

A grid map reference is also made,

Except for alluvial soils and blown sands
the time factor seems o have lizvie
significance in describing the soils of

the region. This section therefore
difterentiates between post-drift soils,
recent alluvially infiuenced soils and soils
disturbed or otherwise infiuenced by man,

Altitude 1s estimated from the nature of
the verrain in relation to the nearest
contour or spot height on the one inch

0.5, map.

the soil map will give some indication of slope by means of

contours but it is usual to give more detailed descripiion of landforms
and similar units. Class of slopes on which the profile pit is
sited is indicated by the use of the U.S. Soil survey system (22)

(Fig.5.) - . SLOPE CLASSES ]
Class A.
 Iimits
Lower O (0°) - 1 Namei- Level-
~ Upper 1-3% (4-14°)
Clé@s B,
Limits
: Lower .l=- Eﬁ éﬁulﬁp) ot _ .
§ . Upper 5-&# 3 4# ) Name: Gentle
l N e
Class C,. Limits
Lower 5-8% (3-43°)

Upper 10-16%

Names- Moaerate

(6-9° )
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Class D.
Limits
Lower 10-16% (6-9° ) . Nemes- Moderately
‘Upper 20-30% (12-17°) | steep
Class E. | |
Linits -
Lower .20-30% |  (12-17°) Namei- Steep
Upper . 45-64% (24-33%) | -
Class P,
Limits )
; Lower 45-60% (24‘330) ' Name:- Very steep
! Upper s—— (900)

Having classitied slope in this ﬁanner it ia developed into a
system of form, which is of far more importance to the soil surveyor
(23). Form may be divided into

" (a) Uniform or even slopes
(b) Complex slopes
' l. Terrace sequences,

2, Undulations in one direction.
3. Unduations in various directions.
4, Concave,
5. Convex
6. Concave-convex., .

All combinations can be used in permutation. When describing
complex slopes the upper porvion is described first, e.g. 'pPlane-convex’,

.Surface churacteristics are further indicated by the use of
symbols on the map which add information not cieariy available in vhe

Contour sysienm,

(Fig.6.) . ;

Flat or left bank. L , )
Undulating. AN 3 o
Slight slope | 5 |Head down the hili,
.8teep 8lope A » |The length of the
Very steep slope A > | arrow covers the

! Broken and irregular ﬁwNAV\AN/~;\AJN;' extent of the slope.

- -Yerraced, lynchets —_— _
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the general topographic unit in which the protile pit is sited
is aiso of importance. “he Soil Survey of Scotland has adopied the
following Canadian sysiem.

1. Depressional wo fiat (chiefiy 0° - 0.3° slopes.)~
' o

2. Very genily sioping to gentiy undulating (0.3° -3
. slopes of low frequency

3e Undulating (1° - 3° slopes of high fiequency)

4. Genily vo moderately roiling (30 - 9°elopes)

Se Mixed undulating and roliing

6. Strongly roliing to hiliy (9o - 17°slopes)

All elope angle observations were made with an Abney level.-

~

Aspect is measured as a direction'of a &ompass bearing taken
av . rightangles 10 the teature, to 1/16 of the circle. Slopes of
less than 3° are said to have no aspect. . Sheltier and shade are
noved, for example colénisation of cooler and damper north-facing

slopes by the ash,’

Surface micro-relief is indicated.subjectively in single word
torm, for example huumocky, ridged, ploughed.

IV, SITE DRAINAGE
The following terms are used to indicate the quality of site

drainage..
(FigeT.) -- Site Drainage

8. Satisfactory. Water from any source is without
any . deleterious effect. :

a. .Seasonal drought, Water run-off and evaporation
exceed supply.

b. Seasonai wetness. Water trom any svurce remains
on or near the surface for appreo;able periods of time,

.6 Permanent wetness. This is usually associated with

: basin or valiey boitom 8iiés and usually infere some
physical impedence to the free fiow of water. It is
occoasionally found at a higher level in the BEast Durham
Plateau region where there are areas of level impervious

olay.

.y
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d. Liable to ftliood, Usually associuted with seasonal
wetness but is oiten connected wiih riverine ox
iacustrine sives.

e. Spring line seepage or flushes, foﬁnd freqﬁently
along the scarp face.

Ir., Irrigated, None in this region,

Wp. Warp soils. Found only in the extreme south around
West Hartlepool. ' :

‘the possibility of improving drainage is assessed and marked on
the card in the ftollowing manner -

( ‘Local scheme possible.
) Only regional schemes possible

Surface run-off is of great significance and is indicated as
tollows i=-
(Pig.8) _ , SURFACE RUN-OFF

SR+++ Surface run-ott invense and erosion .probabie,

SR++ Surface run-ott definite buv serious erosion
imprpbable. .
SR+ Surface run-oft is pureiy local and no abrasives

are .carried eisewhere.

SRO No surface run-off detectable.

V; Pareni Material -

Parent material plays ﬁn important part in soil formation by
virtue of iis porosity and acidity. Next to relief-it_determines the
draiﬁage quality.of the soii. Soil defeloped on local till wivh no
magnesian limestone intluence.is almost certain to have some degree
of gieying within the pror;Le. ‘the presence of quariz in erratics
and in the limesvone iuseif can coniribute tvo the reduction ot pi from
the very high alkalinity usually expected over calcamuxssolid geology.
4he infiuence of geology and the glaciai deposits is more fully

" discussed on pp.

VI. Yegetation

.As full a record as is possible is made of ihe vegetation

' encountered. ‘this involves ihe use of a notevook rather than the
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index card. Speciai indicator plants worthy oi note are however
referred to on the card.
VII. Climate

. Adequate climatic.obaervations are impossible to obtain. the
most imporiant components oi climate which atfect the soil are those
imparting moisture and energy: precipitation and temperature. ‘fhe
amount of soil moisture is governed by the amount received in
precipitation and the amount lost by evaporaiion and iranspiration,
The simple substradtion'p—Et represenis the water surplus or
approximateiy the amounv of water available for soil processes less
the amount lost in run-off. this simple formula cannot be applied without
the lengthy analysis of lysimeter waters and the establishment of
a close network ot micro-climatic stations. Oniy the broadest
climatic statements can be at present made in this region, correlating
information rrom_the thin scatter oi stations recording with varying
degrees of trustworthiness throughout the area, Intormation concerning
frost periods can often be assembled from cunversation with local
farmers and the prevailing winds can be assessed by observing bent
shrubs, leaning fences and even telegraph poles.
VIII History

t*he history of the site includes its récent use for agriculture
or other purposes, whether the land has been recentliy cilmred of shrubs
or is beiﬁg ailowed to return to scrub, or when the land was in fact
ploughed.
IX. Deleterious factors
These may overrule the good churacteristics of the soil and inciude

smoke damage, cement works, dust, chemical tactory fumes, dust from
limestone plants, waste materiels blown from neighbomring tips, sludge,
spreading trom slag heaps, liability to fire and liability to trespass,
ana the infiux of uncontrolled‘aogs.
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.. , PROFILE STANDARDS
Chapier 3

The profile index card is standardised using the following
grades.

1. Horizon

In studies of the distribution of the soils of the world it is
found that soils can be arranged in groups having a number ot profile
tfeatures in common, alithough some would object to this (4). In the
region under study groups encountered included Brown .Eartihs, Calcareous
Soils, Gley Soils, Podsolised Soils and Organic Soils., Recent work
in North America and Europe suggests the possibility ot modifying
the older established systems to accommodate soils now falling on
the boundaries of distinct groups and to iniroduce new groups (24).
There is much coniroversy surrounding this classification problem which
is not the concern of this study. The following system of horizon
nomenclature has been adopted and shoulid prove satisfactory for any
correiaiion purposes, )

. Soil Profile system. (Slightly modified from Kubiena (1953-6)

L. A superficiai layer of reiative.y undecomposed plant litter
generally of_the previous year.

¥, A superficiai layer of pariially decomposed litter with
recognisable plant remains.

H, . A superficial layer of decomposed organic matter with few or
no recognisable plant remains.

Al Organic matter mixed with mineral soil.

A2 Horizon of meximum losses of bases and sesquioxides.

AB or Transitional zone between A and B and A and (B) ana having
A(B) something of the characteristics of boih horizons., Sometimes
designated aAB.

B) Horizon between A and C in soils where there is no clear
deposiiionai horizon.

B In podsolised soils the horizon of maximum deposition of
sesquioxides and/or humus.

(B) C, Transitionai horizons between B or (B) and C but more closely
BC, allied to B or C respectively.

C(B) or

CB.
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Ce. The parent material from which the solum has developed.

CD. Material which has only in part contributed to the development
of the solum.

D. Horizon beneath the soil profile, hot being material from
which the horizon has developed, But the presence of which
is signiticant in the behaviour oi the soil,

G. Horizon showing the maximum development of the gley conditions.

AG or Horizons in which the characteristics of the respective
(B) ¢ horizons occur but st;ongly modified by the gley phenomenon.

%g)°; Hor;zons where there are alight effeeis of the gley condition,
ca. As a subscript to any horizon indicating the presence of free
CaCo
3.

'‘*he advantage of adopting a system of symbols for profile
horizons is that comparison can easily be made between horizons
congidered to be similar, in different profiles, regardless of the
depth at which they occur in the profile. A comparison of horizons
taken at the same arbitary depth~£dy not be helpful, but comparison
of two horizons givén the same symbol can be made with confidence. .
In practide it is more otten impossible in the field to designate the
appropriate symbols prior to physical and chemical analysis. Simple
numerical terms are therefore used on the field card system in
sequence down the profile with suggested symbols in brackets.

Of the soils found within the region Brown Earths were perhaps
the most common, as most of the area has long been cleared of forest
and the land devoted to cultivation. These soils are considered
to have no movement of sesquioxides or clay-sized particles down
the profile. The solum is uniformly coloured in the freely drained
members ot the group in shades of brown and reddish brown, indicative
of aserobic weathering and of the oxidised state of the iron compounds
present., Calcium carbonate or magnesium carbonate is variable.
Subdivisions are made into freely-drained Brown Earihs of low base

status and. freely-drained Brown Earths of high base status, the latter
having a pH of over 6.5. Heavy applications of limestone or other
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liming materials can convert a Brown Earth from low to high base
status,. Such conversion is usually only temporary howvever and

high base status usually represenfs a s80il that can of itself maintain
e pH near neutrality. Within the solum organic matter is completely
humified and intimately mixed with mineral soil. The A horizon
usually has a good crumb structure while the (B) is weakly cloddy.
There is generally a high biological activity and a conspicuous

earthworm population,

A further division of the Brown Earths found in this region
includes those soils with imperfect drainage. t"hey are classed as
Brown Earths with gleying. t*hey may be regarded as transitional
to soils of the gley group since typical morphological features
associated with poor drainage are encountered but to a minor degree'
and lower down the profile than in the Gley group. The surface
horizon retains to a large extent the characteristics ot the freely
drained member of the group and agriculiural properties are similar.
Soil colour at the surface may, however, be siightiy duller in tone
and the development of fine rusty brown mottles around old root
channels 18 the first indication of poor drainage. The grey
colours associated with gleying become dominant features of the profile
only beyond 15 inches. Under angaerobic conditions the reduction
of ferric compounds to the ferrous state and the loss of ferric
oxide from the surface of the clay particles results in the
development of grey faces to peds, Yellow, brown,_orange and
red moitles associated with this feature are caused by the re-
oxidisation of the iron when the soil dries out, The greyness
and moitled appearance varies in appearance and strength not only
with differeni drainage conditions but also with variations in
colour of the parent materials which can seriously mask this

diagnostic feature.

Drainage may be imperfect in these soils but there is an
adequate depth of cultivable soil before root damaging conditions
are encountered. In fact, in drought periods these soils may have
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distinet advantages over their more freely drained counterparts,
especialiy where profiles are comparatively shaliow, In wet
periods however slow drainage and heavy texture render the surface

structure liable to damage by poaching.

Yhe usual profile within the freely drained group has
horizons A, (B) and C in a deep phase, and A,A(B) and C in shallower
phases. In Brown Earths with gleying the profile is A, (B)g,
Cg or A, (B)g,C.

Calcareous soils developed on highly calcareous parent material
have calcium or magnesium carbonates present in amounts greater than
five percent and are oiten considered as a separate major group.
Profile characteristica a re conirolied. largely by the nature of
the purent material, Two sub=-groups are encountered:- The Rendzina
and the Brown Calcareous Soil. In the former the colour ot the soil
is typicaily black, very dark brown or grey and the carbonates are
-finely divided throughout? Yhe Brown Calcareous Soils are reddish
brown in coiour and the carbonate is present in fragments, weathered
but less finely divided than in the rendzina. Crumb structure
is usuaily weii deveioped and a high organic matter contentv in the
surface horizon is characteristic of the uncultivated soils, Brown
Earths and Brown Calcareous soil tend to merge into each other in
this region and separating boundaries would be difficult to establish,

Gley Soil development has aiready been mentioned in brief
outline. Ball (25) uses three subdivisions for such poorly drained
soils.

Wateriogging may occur at or near the surface of the soium
due to slow drainage of water arriving at the surface, or to.a high
ground water table causing water to stand seasomaliy or permenentiy
high up.in the solum, In the first instance water is prevented
from moving freely away through the soil by an impervious or poorly
perméable horizon that may be of heavy texture or may be heavily
indurated.

Surface water gleys have dark grey or dark brown Ag horizons
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with strongly marked rust colouring aiong root channels. The
organic matter contenti at the surface is moderateiy high and the
structure is cloddy. This horizon represents aimost the total
rovting area during dry spells when, as the water level in the soil
tfalis, small roois can penetrate deeper. These are likely to be
kilied off with the next rise of water. '

A completely gleyed G horizon is uaually beiow the Ag. Yhis

ia but a few inches thick and passes into an ili-defined set of

horizons in which yeliow and brown mottles are mostprominent in the
upper parts. On strongly coioured soils grey gleying may be masked.
During drying out shrinkage cracks appear in the BG horizon forming
prismatic structure. these cracks aliow water and root pemetration
in drier periods. The faces of prismatic structure uniits are
completely coated with gleyed materiali and are grey in colour while
within the prisme motties and concretions of rust coioured or black

iron or manganese oxides occur.

Typical surface water gleys have profiles of Ag,(B)g,Cg or
Ag,6(B)g,Cg. If the soil is practicaliy permenently waterlogged
peat begins to accumulate particulariy in baains. . Represeniative
profiles have A,G,(B)g, and Cg horizoms. When peat is deeper than
20 inches the s0il is described as an organic soil,

True podsols are not found within this region but podsoiisation
is an active process and incipient podsols are far from uncommen,
particulariy under conifer stands or above very sandy parent materials.
Vhen the biological activity of the soil is so low that the plant
lister begins to accumulate on the surface and raw humus develops,
invense leaching leads to the mobiiisation and translocation of
sesquioxides. When the process has been completed the uppermost
mineral layer is strongly bleached (Az). It is succeeded by a rusty
brown layer sometimes indurated in which the sesquioxides have-in
part been deposited - B.

In the early stages of development, when the raw humue layer is

still thin, the bleaching may not be very obvious, but the slight movement
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of iron oxide that has tdken place together with the in situ
weathering gives a distinctive yellow, orange brown colour to the
B horiszon..

Organic Soils with an accumulation of peat to greater than
twenty inches are not uncommon in the Carr lands of this region.
‘‘hey are all associated with alluvial depositis and basin topography
and are therefore moderate base status peats.

On ailuvium and blown sand with little evidence of profile
development beyond the darkening ot the surface, the Immature Soils
are found.

Brown Forest Soils ot low base status hay have been more extensive
than today. Such s0il is now almost entirely cunfined to the denes
aiong the coast or to the steeper unproductive slopes ot the plateau.

A typical protile is :=-

Brown Forest Soil

L, Undecomposed plant litter.

F. Partially decomposed litter.

H. ‘*race of decomposed orgenic matter but may be absent.

A. Brown colour with medium organic matter, moder type.
Crumb structure. No differentiation into Al and Az.

Bé. Brighter brown colour than A, A reiativeliy rich
status of free sesquioxides.

33. Less bright than B, and nearer the colour of the
parent material. ~May show some degree of induration.

C. Relatively unweathered parent material.

Brown Forest Soils with gleyed B and C horizons are equally uncommon
today but when found have a profile similar to the following :~-
Brown Foreat Soil with gleyed B and C horizons.

L. Undecomposed plant litter,

Fe Partially undecomposed litter.

H. Trace of undecomposed organic matter,

A.  Mixed mineral and organic layer, moder type. No
differentiation,

(B)g. Well defined blocky or prismatic structure. Mottliing
within and sometimes on the face of peds.

Cg. Structure usuaily massive, less moitled than the B horizmm
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. Conventional grouping of soils encountered

in Bast Durham,

Major Soil Group

" Brown Earths.

Sub=-group
High base status.

Low base status.
With gleying.

Calcareous Soils.

Rendzinas.
Brown Calcareous Soils,

Brown Calcareous Soils with
gleying,

AGley Soils.

Surface water Gley.
Gley developed on alluvium,
Peaty gley.

Podsolic Soils.

~Inoipient.

Organic Soils.

Moderate base status peat.,

‘Immature Soils.

Road cuitings in limestone
or drift.

Aliuviunm,
Blown sand.

Broﬁn Porest Soils,

' Low base status. .
With gleyed B and C horizons.{

On the index card under the 'horizon' section is given the number of ‘¢

. the horizon, its depth and

the degree of definition of the lower

boundary. All other classification based on the prévious section

avaits complete laboratory

analysis. 'The standards adopted for

definition of horizon boundaries are as follows t-

(Pig.11.). _ .
l. Sharp. Boundary within one inch transigtion zonme,
2. Clear. 1% - 2% inches.

3 « Gradual.
4. Diffuse,

2% - 5 inches.
over 5 inches.
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2. Colour is determined in the field in the fresh state and later
in the laboratory in an air-dried condition, in both cases using
the Munsell chart,

3. Texture is determined in the field by 'feel'. This is lter '
confirmed by mechanical analysis. The following list of terms
"has been adopted from the U.S.D.A. System to confotm vithvthe -
International System used in mechanical analysib.

(Fig;lz)

Texture Sand % 811t % Clay %
Sand . 90+ - =10 - 10
Loany Sand 80-90 =20 - 20
Sandy loam 40+ =50 - 20
Loam ) - 52 28-50 10-17
Silty loam = 50 50+ - 27
Sandy clay loam 45+ =28 20-35
Clay loam 120-45 15-52 27-40 .
Silty clay loam -20 . 40=T3% 27-40
Sandy clay 45+ =20 35-55
Silty Clay -20 ' 40-60 40-60
Clay =45 -40 40+

These categories are dgaignated in the fieid but mechanical analysis
results are ﬁlotted on a triangular graph divided into the eieven"
groups given above., . It is often convenient to further distinguish.-..
broad groups of texturai ciasses which will represent field te&tu;e

as it is, asfdiqtinct from pretreated and dispersed laboratory samples.
These designations are roughly correlated to the power required for
Ploughing and are of some imporiance in a study such as this. The
broad terms 'heavy' and 'light' can lead to contusion and general terms
adopted were those suggested by U.S.D.A. Broad correlation with basic
field sample texture terms are given but the general terms will noi be

altered by the results of mechanical analysis; They sre themselves




valid as properties contributing to agricultural potential.

(Fig.13) ' General textural terms

General terms. - Basic terms,

Sandy eoils.......coarse textured soils,...Sands
. .Loamy sands.

+eo moderately coariseoils....Sandy loans.

. « « Loams
Loany 80il8,:....medium textured soils..:.Silt loams.
e - .+Clay loanms

.+ moderately fine soils.....Sandy clay loams
+.8il1ty clay loams
..Sandy clays.

Clayey 80il8.c... fine textured soil"":.811ty clays
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+.Clays
4. Stoniness is ah important property of a soil horizon.
Stones dilute the finer material and make the soil more
permeable. ‘hey have also marked effects on the ease of
cultivation and are the cause of costly wear on cultivation
implements., The terms below are estimates and ciaim no
precise accuracy. Quantity appears on the index card
eimply as numbers.
(Pig.14) Stone Quantity -
Index No. Quantity
0. Stoneless or nearly so. Less than 15% stones.
1. i - 8lightly stony, not sufficient to interfere
with cultivation, 15-20% stones.
2. R Very stony, enough to interfere with cultivation
' ‘ and visibly acts as a diluent to the soil mass
‘ ' fine earth, . More than 50% stones.
3. S Occasional boulders.
4, Live rock exposed. .
5. ' ‘Rook or siones dominant

The chemical nature of the stones ia di;idéd into three groups.
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(a) Residual material which is capable of further weathering and
combination to produce fine earth. Characteristic of immature
soils this inciudes carbonates of lime and magnesia, or the
more complex silicates aﬁd alumino-silicates.

(v) Residual material not capable of further chemical decomposition
vhile existing conditions prevail, Further comminution is
possible but effects on the soil are entirely physical. ‘'his
includes quartzite pebbles and flints.

(e) Concretionary material.

The shape of the stones is divided into the following categories :

(a) Angular
() Subangular
(¢) Rounded
(d) Shaly

(e) Tabular

The size of the imdividuval stone is measured alomg the long

axis,.
1. Gravel 1/8 - ¢"
2. Coarse gravel $-#"
3 Very small stomes #-1"
4. Small stones 1 - 2%
Se Medium stones 2 - 4"
6. Large stones 4 - 8%
Te Boulders 8" and over
Se The structure of a soil is the aggregation ot its primary soil

particles into compound units which are to some extent
independent of each other, Generally soils with aggregates
of spheroidal shape have much more pore space between aggregates,
have more permeability and are more productive than soils
of similar chemistry with massive or blocky structure.
Field description of so0il structure includes :-
1. Shape and arrangement

2, Size
3. Distinctness and durability of the peds.




(Fig.15)  Structure classification (21)

General form.

Appearance defined

Nane

Size

Cubio Well defined oubes Large cubic 6 4 15 mm +
Medium cubio 6~2" 15«5 mm
Small cubie 2=1"  5=2.5 mm
Ill defined oubes Large A/R cloddy _
Angular A Medium cloddy As above
Rounded R Small cloddy
Concoidal fragments Large starchy | 3"+ 2 mm +
Small starchy | $=0" 2-0 mm
Roughly spaced Large nutty i 25 mm
solids with good Medium nutty 1-i"  25-12 mm
air space Small nutty 3 wi" 126 mm
with few air spaces Gunshot =" 6~3 mm
Large granular |Z=1/16"3-1 mm
'Small granular |1/16=0"1-0 mm
- Roughly rounded Large orumb |2t 9-6 mm
small aggregate ‘Medium orumb
particles with well Small orumb same as granular
defined air spaoce Crumb dust
Prismatic 'Well defined prisms’ Large prismatio |2x2xH 5x5xH
. ‘ Medium prismatio|ixixH 2}x2jxH
to

Small priématia

0 to
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General form Appearance defined Name Size
Columax Well defined prisms Large columnar
’ with indefinite tops - Medium columnar{ As for prismatioc
Small columnar
. lfointod columns Large joired
_columnar
Series of prisms Medium As for prismatio|
with wide vertical Small
and narrow horizontal *
" oracks.
Lauminated Flates (flat) Slabby 4+ 12 mm +
Platy " 12-3 mm
Foliated ~0"  3<0 mm
Scales (ourved plates) | Scaly: 3"+ 3 mm e+
Flaky £-0" 3 mm-0.
Polyhedral Polyhedral state Large polyhedral| 1" + 25 mm+
' number of faces Medium 1-3" 2512 mm
' Small 0" - 120 mm
Single grain or structureless
 Defined by feel Single grain 2-~1 mm
Megly 1~0.2 mm
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‘ferms used for grades of structure are :-.

1.

3«

Weak. Uniis barely visible in situ. When disturbed the soil

- material breaks into a mixture of a few unbroken unite and many.

broken units with unaggregated material..

Moderate. Well-formed units but not distinet in undisturbed
soil, . .When disturbed there are many distinct units, some
broken units and a little unaggregated material.

Strong., . Well. formed units distinct in undisturbed soils._
Adhere to one another only weakly. _When the soil is disturbed
the material consists of entire units with few broken and very
little unaggregated material.

This classification, base& on the Uxford system (21) compares:woil

for correlation purposes with the American system and was tound more
managgeable in the field than the latter. '

6. Soil constitution
l, Porosity is described under two headings.

A. The nature of spaces within the soil aggregates.

B, The nature of the spaces surrounding the soil aggregates.
(Fig.16)
Ao Aggregate porosity _
Size name ' Shape Distribution
PFine porous., O=-1lmm diameter Honeycomb Horizontal
Porous = - l-=3mm Vermiculate . Vertical
Spongy- - . 3=5mm Rounded , Oblique
Cavernous 5=10mm _ Polygonal Ubiquitous

' Dendritic

B, The naturelbf_the spaces between the aggregates may be determined

by the shape of the aggregates themselfea.- If this is the case
it i8s noted. If. the inter-aggregate porosity is due to the
influence .of flora and fauna it is desoribed under the following
standards. - R ’ ' §
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(Fig.17) _

' Be Inter-aggregate;porosity '
Name Size Distribution
Very fine fissured . (spiders web) Horizontal
Fine fissured . Over 1mm wide Vertical
Fissured 1=3 mm QOblique
Wide Fissured 3-5 mn Ubiquitous
Very wide fiésured 5«10 mm '

2. Soil compactness is standardised from the following diagnostio

features into seven grades.

(Fig.18) Soil Compactness
Desoription Spade Auger

1. Very compact (dry
dispersed clay)

will not enter, piok
needed

Virtually unborable

2 Compaoct

Enterds with difficulty
' -much fregmentation

Good bite, fills threads
with broken aggregates

3 Loose

Enters easily andxspit
falls readily into
pieces '

Particles fall-through
thread and run
through fingers

4 Friable

Digd well with fine
fragments

Comes up loosely packed

‘and does not £ill

threads

5 Mellow

Digs well, clods

just hold

Bores easily .
neatly fills threads

6 Indurated (implies
cementation).

Pick needed, then digs

easily

Spins and grinds to
' dust.

7 Tenaceous

/

Clogs and tears away
from unocut face

’
L4

{ Sucks noisily but

oomes up full,

R
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3. Induration

This is a handling property of the soil not dependent on moisture-fﬁ
content. It can readily be detected in three grades.
1. Weakly indurated. Not usually detected when digging, but o
diagnosed by stabbing the profile face with a knife. The soil
breaks easily in the hand.

2+ .Moderately indurated. Detected when digging. Soil ped breaks
in the hand with moderate pressure.

3e Strongly indurated.. .Detected when digging, and in fact causes
.difficulty. The spit is not readily broken in the hand.

4. Solil consistence

Soil consistence is a quality which is expressed by the degree of
cohesion and adhesion., It is measured by the resistence of the soil
material to deformation or rupture. Strucfure and consistence are
interrelated, the former being the resuliant of the forces withinm the
" soil, thghlattqp being concerned with the forces themselves.

As consistence is strongly infhenced by moisture conditions
it is necessary to have a series of terms for each significant moisture
state (U.S.D.A. 1951.22)

(Fig.19) -. - Consistence when wet
o evaluate this property the material is rolled between the thumb

" and the finger.
A. Plasticity. 0. Non-plastic. No wire formable.

I. Slightly plastic. Wire formable and soil mass
. easily deformed. ' '

' 2, Plastic, Wire formable and moderate pressure
required to deform soil mass.

':"5. Very plastic.. Wire formabie,and much pressure
required to deform soil mass. . .

B. Stiokiness. (a) Non-sticky
‘ (b) Slightly sticky _ : =
(o) Very sticky
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(Fig.20) Consistence when moist

To evaluatg this property attempt to crush moist soil mass in the
hand,
0. Loose. Non-coherent.

1, Friable. Soil material crushes under very gentle
pressure but coheres when pressed together firmly.

2, Firm, Soil material crushes under moderate
pressure between thumb and forefinger, but
resistance distinmetly noticeable,

3. Very firm. Soil material crushes under strong
pressure, sometimes not crushable.

(Fig.21) Consistence when dry

To evaluate this property break an air dry mass in the hand.
'Q, Loose. Non=coherent

1. Soft. Breaks to powder or individual grains
under very slight pressure.

2, Hard, Can be broken easily in the hand but
only with difficulty.

Teo Organic matter.
Much of the work on organic matter has been standardised under forest

rconditions., . Here all that need be said is that a complexity of factors
set in a definite time scale result in a very small number ofhumus
forms, These are very sensitive to the factors contrblling their
development and are generally the first part of the soil profile to
reflect changes in environmental conditionms. They are more readily
modified than the other features of the soil profile and have
important bearings om the condition of the seed bed and on natural
regeneration. There is obviously room for practical application of
the academics and theory of organic matter. A practical fielad
terminology must be designed from field experience but it should
include the relevant results.of the considerable laboratory investigation
that has already taken place. ‘he importance of humus may never be
displaced by inorggnic fertilizers, but as yet farmers have very little

deliberate control over the establishment and preservation of
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desiraple humas forms,

In field descriptiom it is usual to estimate the amount of humus
presen? in each horizon. If the horizon has over twenty percent organic
matter it is considered an organic horizon, if lss a mineral horizon.

In mineral horizoné organic matter varies and its status is indicated
thus :-

High. « « « ¢« ¢« « 13-20%

Moderate. . . . . 8=I3%

Lov...less than .. 8%
Organic horizons are divided imto:-.

L. relatively fresh litter

F. fermented litter with origin of the remains
. 8till evident.

H. well decomposed humus with very few
;eeognisable constituents.
When the H layer is more than twelve inches: thick the soill is considered
to be a peat.

Mull is an intimate mixture of mineral soil and organic matter, in
the A horizon, with the constituent parts not identifiable by means of
a hand lens.

Silicate moder has similar appearances to mull but its mineral and

organic parts can be distinguished with a hand lens.

Mor, or raw humus is usually found where there are well developed
L, P, and H layers. There is no intimate mixing of organic and mineral
parts, the two remaiming distinct. The H layer itself has a very low

mineral content.

fhe most common forms found in the region were variants of mull and
silicate moder, although mor forms were common in the denes and under.
plantation trees.
8, Roots. are classified in the following manner:
1. Kame of the plants present.
2. Quantity.
1. Abundant.... more than 100 sq. ft. of the profile face.
2. Frequent.... 100-20 per s84,ft. of the profile face.
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30 PeW.eerses.20-4 per sq. ft. of the profile face.
4. Rare.......3=1 per sq. ft. of the profile face.

3, Size (diameter) 1. Large... more than 1/2 inch,
2. Medium,., from 1/2 - 1/8 inch,
3. Small... from 1/8 - 1/32 inch,
4., Fine.... from 1/32 inch - §.

The adjectiveslong, medium and short are als® used.
4. Shape. Free growing, distorted.
5. Nature. Woody, fleshy, fibrous or rhyzomstous.
6. Health. Dead, alive, strong or weak.
T. Age. 014, young, past or present vegetation cover.

9. Drainage has several meanings, but im this case the word refers to

the morphology of the profiles. In general free~draining soils have

bright uniformly coloured B horizons. Mottling, espeeially grey

mottling is comsidered to be evidence of gleying. Thus drainage
clasaes are distinguished purely on the busis of morphology.

Drainage excessive......The B horizons are bright and unformly
coloured, although those with a small degree
of dullness and slight mottles are permitted
within this class,

Drainage imperfect......The B horizons are not quite so bright as those
of well-drained soils and they have appreciable
mottling. ‘'fhey are designated Bé(g) and
33(5) to indicate a moderate amount of gleying.

Dreinage pPOOreecciese....The Bg horizons are dull and mottling is

very evident.

The imperfeetly drained soil is intermediate between the well and the
poxxrly drained soil, though it is generally closer to the well-drained
soil in charaeteristics and in crop responses.

The poorly drained soils and very poorly-drained soils require
tile drainage before they can be successfully cultivated. Both may
have an Azg horizon, which is often a dull grey colour, but it is
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usually more evident in the very poorly-drained soils. Degree

of wetness in each horizon is also measured.

Dryeeceeesss Structural elements are visibly dry and do not
further change with exposure to the air. Yhey
become darker when moisture is added.

Moist...... Structural elememts feel moist and if exposed
to wetting they change their colour. Moist
solls can be moulded into rods of not.more than
1/8th inch diameter and i/2 inch long.

Weteoeooeoo There is visible fluid water between the structural
units or water may be squeezed from them, Colour

does not change with further wetting.

Water relagionships and soil textural classes have been discussed
by Gleniworth (26). It has been estimated that the amount of water
available to the plant in a naturally free-drained soil for the
different textural ciasses is as follows s=-

Sandy and loamy sand...... 1/4 - 1/2 inch per foot.
Sandy loams., . « « « « « « 1 inch per foot.

Fine sandy loams. . . . . 1% _ 1% inches per foot.
loams . « + « ¢« ¢« ¢« ¢« o « .2 inches per foot.

Clay loams. « « « « « « + 3 inches per foot.
ClaYSe « « « ¢7ee o o o o o3% inches per foot.

Assuming that the roots of agricultural crops reach three feet, the
amount of water retained in the three feet column varies from one

inch to twelve inches. An eight quarter oat crop will remove over
twelve inches of water. In light textured soils water shortage can

" easily affect the ocrop adversely in some seasons despite the relatively
humid climate of the British Isles.

18. Secondary chemicals

.Most chemical' deposits are due to the reactions induced by soil

water and are therefore mainly precipitative in nature. They are
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recognised and classified according to their form and their colour.

Efflorescences occur on the outer edge and faces of the drying-
out structural elements. They are extremely fimeiy divided, sometimes
resembling a dusty powder and occasionally existing as a bunch of very
fine hairs or a bloom.

Dendrites are efflorescences occurring on the faces of elements
or stones to give the impression of a picture of a branching tree or
plant. Such designs are frequently found produced by manganese in
certain of the Brown Forest Soils,

Crusts represent the greater development of efflorescences in
both thickness and distribution, but usually they occur in surface
deposits resulting from the drying out of a concentrated soil
transpiration current.

Veins and tubes are usually well-definyed as in-fillings of old
root channels. They are frequently found in heavy soil in woodland and
meadow conditions. Petrified, fixed or in-filied animal holes may
be included.

Concretions occur as extensive zones of grain-like and nodular
accumulations. They are found in their greatest frequency in
sub-tropical and tropicgl soils.

Streaks and interlayers occur where the whole of a zone is
undergoing induration by the deposition of some cementing agents.
Humue columns occur in clays vhere during drought the soil mass
cracks :into deep clefts. With rainfall humus drops, or is washed
into these cracks and with the subsequent expansion of the clay is
sealed in the soil mass as a column, These columns sometimes achieve
considerable depth. The most common forms in which the various
chemical compunds occur are as follows t-

(a) ¢rystals occurring as efflorescences, crusts, interlayers
and pockets, include carbonate, chlorides, sulphates and
alkalies, all easily soluble and carried into the soil
transpiratiom current. They are found as fine crystals or
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crusts in the upper zones. Calcium carbonates such as
aragomite and calcite may be observed in the AC horizon
of certain .limestone soils by deposition from solution of
skeletal material in the percolation stream,

(B) Amorphous powders from deposits of dehydrated silicic acid
may be observed as flour of silica and may be distinguished
from other white amorphous substances of the soil mass either
by means of & drop of indicator or by insolubility or
tastelesaness on the tongue. Concretions and deposits of
irreversible material inciude compounds of iron, alumina,
manganese, titanium and phosphorus and occur in great variety.
Iron and alumina sesquioxides occur in the orstein layer of the
B horizon of podsols. Ferruginous compounds frequently
develop as black or brownr beans, grains, and ore grains, in
great variety. Spots of brown-yellow eyes and brown dots
of irom and manganese are common in heavy clays with gley
horizonsa, Other ferruginous deposits occur as brown. laminae,

brown ochreous or brown and crimsom spots and patches.

Red and yellow ochreous nodules, ochreous veins and rusty
patches often occur in root channels and in interstices of meadow
80oils of heavy clay origin. Dark purple tc brown dendrites of
manganese iron are frequently found on the faces of structural
elements and stones in soils where oxidation dominates reduction in
the gley zone. Calcium carbonate as white ‘eyes', nodules or puppets
may be found in the lower horizons of Brown Forest Soils of heavy clay
origin in which the surface run-off exceeds percolation, Dark
grains of limonite and manganese dioxide and sometimes haematite may

be recognised by their streak on rough percelain.

1I. Feunal infiuences
Faunal influences on the soil are divided as follows :-
"1, Intra-s8oil faun@.ccsscescsec.protozoa, worms, insects,
2. Extra-soil fauns...seceses....birds, cattle. _
3. Dual environment fauna.......burrowing animals, insects and
larvae.
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12, The distribution of carbonates and pH value, in the profile is
noted in the field by adopting the following procedure. A little

hydrochloric¢ .acid is poured over the face of the profile. The
points at which reactiom commences and ceases are noted and the
intensity of the reaction. Carbonates may be present as relies of
weathered parent material or as. pedological depesits (carbonates of
soda, lime, iron, and magnesia). The size, shape and quantity of
the pedological deposits are noted. Differentiation between
concretiomary and relic parent material is often difficult, but
fracturing concretions usually reveals the tendency to concentric
formation, Crystalline calciup carbonate as calcite and, less:
commonly, aragonite is frequently found in the soils of this region,
wherever Magnesian iLimestone is ofimportance in the profile. Down=-
wgshing of dissolved carbonates, from the surface into lower horizons,
results in dehydrationm to form powders or crystalline forms in
pockets in the limestone or on the face of weathered limestone

fragments.

The appearance of concretionary or deposited carbonates in the
soil profile may always be correlated with the basic ground water and
& soil .transpiration current, Soll . type may often be recognised on
the basis of such observations slome. Relic carbonates will resemble
the parent material rock in such an areas as this and can be
recognised with a pocket lens. Failing this it will be found that
nev calcium deposits are more soluble in weak acid than the rock and
are purer, leaving less insoluble residue of clay, irom compounds
‘or silica. The influence of drift is so strong in most of the soils,
however, that limestone erratics from a great variety of sources
confuse accurate identificatiom considerably. Estimation of quantity
of carbonates and sources should therefore be made in the laboratory
and field tests are realiy limited to delimitatiom of carbomate
distribution. Clark (21) gives.the following table to indicate
a rough idea of the quantity of carbonates present im the soil, by
treating a handful of soil in a basin with an excess of 10 percent HCl.
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(Fig.22) o Estimation of soil carbonates
%ca003 AudiBle effects Visible effects
Less than 0,1 - None None
0.5 _ Faintly audiBle, 1noreasing RNone

to slightly

1.0 . Faintly audible inbreasiug | Slight effervescence
: .to moderate confined to imdividual
grains. Just audible

2,0 Moderate to distinct, | Slightly more general
heard away from the ear. eftervescence visible
_ at close inspection

5.0 - Easily audible Moderate effervescence|

Bubbles to 3mm, easily
vi sible .
'10.0 Basily audible : General strong
o : effervescence.

Ubiquitous bubbles: to
Tmm, Clear.

The above information is recorded on the cards for every profile.
Hand auger bores are not recorded in such detail but each profile pit
~and each bore are recordbd on the soil'map according to the following
standarda. |

l. The Series name given by a two letter symbol .8+ DU =
. . Durham Series..

- 2. The texture of the surface soil andits depth e.8. SL 9"
; (Sandy loam) .

3+ The texture of the second horizon and, if worth comment,
the third. .

4. The drainage class of the site.

Each pit or bore is marked with a dot on the map and will 1ndicato
the above information in the following manners
: e BU
SI9"
CL+St.

.
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Auger interpretation is not simple BHut soil boundaries are

largely based on it, It is necesasary to have aliernative substantiation

wherever possible and change in profile can be expected under the

following combined (if possible) conditionms.

(a)
(v)
(e)
(a)
(e)

Change in lithography (on the auger).

Change of topography.

Change in the vegetation or the condition of the crop.
Change in the colour of the soil (if ploughed).
Difference in feel and sound underfoot whem walking.
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Methods of Analysis
Chapter 4

The methods adopted in this survey are basically well-establislied,
but they have been modified to suit the soils encountered and the
capabilities of available laBeratories.

The avoidance of 'clutter' is the main guide to the final form
of reporting, and many analyses that have proved superfluous or that
can be combined more simply are not reported ;nﬂividually.

While this conciseness is desirable and while the chemical
analytical methods are basically well-established, Soil Science has
not yet reached the stage where reports such as this can be made without
some description of the laboratory methods adopted and reasons for any
modifications to recognised procedure. Full description is therefore
oftered here tp avoid confusion and facilitate co;relaﬁion.

Analiysis was made to estimate the following:- mechanical
composition, pH, carbonate content, organic carbon and organic matter,
loss on ignition, organic nitrogen, available nutriente, exchangeable
cations and m.eq. percentage of the total major metallic catipns.

The above analyses were made for every horizon of every profile
taken. Samples were always analysed at least in duplicate and often
up to six identical analyses were made on the same sample. ‘This is,
needless to say, extremely time consuming when the major concern: is
survey and correlation, but it is essential to give any statistical
validity to the interpretation of results. Final reporting has been
ruthlessly selective and only typicai, significant or cumulative
information is offered,

Methods. (a) Sampling.

The profile pit is.dug to a suitable depth which will vary
according to the .depth of solid rock, the nature of the parent material
and the depth oforganic penetration, and the actuai difficulty of
digging, but the more usual depth is about five to six féet. The pit
is oriented to catch the best light and description is made on the long
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face which can be picked and disturbed at will. The appropriate
narrow face is then cleaned and samples: taken. There are various
methods of taking samples. It can be picked and prized from the
surface or dug out with a spade. The most satisfactory method
however was to cut a block out with a strong knife and slice the
outer face from it to avoid contamination. It is then put in a
numbered polythene bag. Where the soil is too loose and sandy for
this procedure a core sample was obtained by forcing a tube into the
face and gently twisting it out with its load of soil. Sampling:
was always commenced at the deepeét horizon to avoid contamination
by spill from higher up the profile.

Samples were immediately returned to the laboratory and moist
PH and colour recorded. ‘theremaininggample, about fourteen pounds
weight pei horizon, was. air-dried and reduced to a fine earth sample
by mortar and pestle and a 2 mm sieve. ‘This was botfled and all
further analysis was made on this fine earth sample. Before each
analysis a bottle of sample was quartered to obtain a representative
sample of the appropriate weight.

(v) Mechanical analysis

In 1927 Bouyouces (27) iniroduced the hydrometer method for
mechanical analysis which enebled the lengthy procedure used for example
in/%?%etﬁl method to be reduced considerably. The hydromeﬁer was
originelly calibrated to read grams of material in suspensionm by
using a sample of known constituents. In 1928 Bouyoucos (28) using
Stoke's law suggested that the hydrometer could be used to obtainm
a more complete accumulation curve. ‘he hydrometer had to be correlated
with known soils but settliing rates according to Stoke's Law do not
correspond with this callibration. It appears that the hydrometer
readings at a given time determine an average density of the whole.
suspension which.is empirically related to definite size groupings.
Bouyouces has shown that there are different concentrations in
different gwmcotions of the suspensionm but that the hydrometer gives
an average reading for the whole columnm. There have been many
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theoretical criticisms of the Bouyouces method. Day (29) made an
e;haustive study of the method and derived a new theory which appears:
to satisfy the demanis of the critics. His theory is based on the
fact that the density of the suspension is a logarithmic function

of depth, Bach cylinder used is measured to calibrate the hydrometer
on the basis-of effective depth. A nomographic chart eases the
calculation of results but the method is very lengthy and impracticable
vhen analysing large numbers of samples single handed. TUsing
modifications of the Bouyouces method, derived from the British
Standards adopted for soil engineering, the rate of analysis is at
least five times as rapid as Day's method. Slight .inaccuraciles

in settling rates will not show when results are plotted on a
triangular graph for final textural grouping. -

The method adopted was, therefore as followsi- From the
fine-earth sample weigh: out 60 grams and mix with 150 mls. 20 vols.
hydrogen peroxide in a wide necked 500 ml comiecal flask. Stir for
five minutes until the frothing has subsided and then.allow to stand
overnight under a loose cover. Heat the flusk gently until the
frothing has subsided and boil the liquid down to 50 mls, Wash the
cooled contents onto a grade 50 filter paper and filter through a
Buchner fummel using a gentle vacuum, Dry- at 50 = 66°C for at least
sixteen hours. Weigh the remainming sample to establish loss of humic
matter through oxidation. Treat the remaining sample with 100 mls,
N/1 HC1 and allow to stand overnight. VWash, as before, through a
Buchner funnel till completely acid free. Dry and reweigh to establish
the loss of carbonatea. Transfer the reamining soil to the baffled
bucket of & mechanical stirrer and add 100 mls. of warm sodium
hexametaphosphate dispersing agent. (50 grams of Calgon and 5.724
grans of sodium carbonate to one litre.) Add a further 110 mls.
distilled water after ten minutes and stir for at least twenty-five

minutes,

Wash the dispersed sample into & 1,000 ml. measuring cylinder and
top up to the litre.-mark with distilied water. Place in a water bath
controlled te a temperature of 20°C and allow to stand for half an hour



to allow the contents of the cylinder to assume the constant
temperature. Shake the cylinder end over end for one minute and
replace carefully in the water bath, At four minutes thirty

seconds slowly lower the Bouyouces hydrometer into the cylinder.

(when not actually takinmg a reading the hydrometer should be kept

in a cylinder of water at the same temperature as the sample to be
recorded). At exactly. five minutes take the first hydrometer reading.
This represents. the combimed silt and clay fractions. Remove the
hydrometer and replace in the same manner at exactiy five hours.

This will represent the clay fraction alone. Resulte are calcujated
to percentages of the sample remaining after pretreatment. Correction
for temperature differences is noi necessary if the water bath
functions correctly. A correction factor made necessary by the

use of sodium hexametaphosphate is determined by making up 100 ml.

of the solution to 1 litre in a cylinder and recording the hydrometer
reading at 20°¢. This is substracted from all other hydrometer
readings taken,

Most of the liquid, inciuding the e¢lay fraction is poured off
and the sediment should be washed through a 72 mesh sieve into 400 ml
bBeakers marked at 190 cm. Using a rubber policeman and a constant
flow of water wash the coarse sand that is held on the sieve until it
is completely clean. All the water.use& is retained in the beakers,
which are filled ' to the 10cm. mark and allowed to stand for a time
near five minutes. The exact time is governed by the temperature
of the water used. After the appropriate time has elapsed the fine
sand should have sedimented to the bottom of the beakers. All other
contents are carefully decanted. Decantation is repeated until the
water in the beakers above the fine sand is absolutely clear after
calculated settling time. .The fine and coarse sand fractions are
filtered separately and even dried before weighing and converting to
percentages. The different fractions are totalled and any losses
or gains are noted. All fractions, expressed as percentages are
Plotted on & triangular greph to establish textural classification.
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(e) pH

This is determined on a laboratory pH meter before and after
drying. The soil:water ratio adopted was 1:2.5. 10 gms of soil
and twenty five mls. distilled water are mixed im a beaker for one
minute using a low-powered mechanical stirrer with a glass paddle.
Lt the end of this time the sample is transferred to the meter and
after leaving the electrodes immersed for exactly forty seconds to
allow the instrument to stahllise, the pBE reading is recorded. The
PH of the distilled water used in.the solution is also recorded and
supplies with too widely differing measurements are rejected.

(d) Total carbonates

Treatment with N/1 HC1l and titration with N/1 NaOH was found
to be the most convenientme:thod, The Collin's calcimeter although
claiming greater accuracy is far too slow when dealing with a large
number of samples. The accuracy of the speediei titration method
vas tested with pure CaOO5 and gave very satisfactory results.

Weigh 5gms of fine earth. sample into a tall 150ml beaker. Add
100ml. N/1 HC1 and stir several times during one hour. Allow the.
comtents to settle overnight and pipette off 20mi. of the supernatant
liquid., ‘fransfer this to. an Erlenmeyer flask and add 15-20 drops
of bromeo-thymol. blue indicator solution. Titrate with standardised
N/l NaOH, If the liguid pales during titration so that no colour
can be distinguished.add more imdicator. The end point is a sharp
change from yellow to bBlue. Blanks are run to obtain the titre of
the HC1l and trial rums with pure cacos serve as a useful check. The
perceniage calcium carbonate and magnesium carbonate is obtained from
the following.expression. :

% carbonates = (Blamk titration - Actual titration) X 5.

(e) Organiccarbor and organic matter,

The chromic acid method based on spontaneous heating by dilution

of

sulphuric acid involves essentially.the same procedure as Schollenberger

(30) except that less heat is produced than when externally aspplied.
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Because of this, less orgenic matter is oxidised. This is held to
be an advantage (31) since the less active organic matter is not
measured. The lower temperature produced tends to differentiate

soil humus from other sources of organic carbon. Dry combustion
includes most of the eemental and near elemental carbon but the
Walkey-Black method, from which the procedure adopted here is derived,
excludes 90-95 percent of the less important carbons. This merit

is of great imporiance im the region under study where the drirft
materials contain considerable quantities of coal im various states

of weathering,
Procedure is as follows:-

Weight out lgrm of fine earth sample into a 500ml.
conical flask and add 10ml. potassium dichromate, and 20ml. concentrated
sulpharic acid. Agitate gently for one minute and allow to stand
for thirty minutes. Add 200ml, distilled water 10 ml. phosphoriec
acid and 20 drops of 0.5 percent diphenylamine indicator. Titrate
with 0,.5N ferrous sulphate solution until the colour changes: through
blue to green. The end point is at a one drop colour change.
Repeat the procedure with blanks containing no soil,

Results are calculated from the following:=

Organic carbon = mls potassium dichromate reduced x 0,0039 x 100
Weight of soil.

When the number of mls. N potassium dichromate reduced =R

Blank titratiom = 3

and Sample titration ' = T
R=1 (5-17) or R =10(1 - T)
s S

The correction factor 0.0039 is derived from the following.
The meq weight.of carbon is 0,003 and the recovery factor (Walkley)
is 77 percent or 100

The factor is therefore 0.003 x 100 = 0.0039

77
Therefore % organic carbom = 10 (1 - T/S) X 0.0039
Weight of Soil
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Using the correction factor 1.724 (soil organic matter contains 58

percent carbom) the percentage of organic matter can be obtained.
(£) Loss on ignition.

This estimation was obtained simply By weighing the difference
between ovem dried sample before and after ignition for thirty minutes
at 450°C. As no value can be found in the resu}lts of early samples
this procedure was abandoned.

(&) Total nitrogen estimation. (Modified Kjeldahl method)

The original Kjeldahl procedure has been frequently modified but the
determination of total nitrogen is not as simple as it is often thought
to be and modifications should be introduced with caution. Many
associated difficulties can lead to very low results. Up to an hour
of gigestion may bBe required after the digest has made its significant
colour changes, to release the total nitrogen. The most important
consideration is the catalyst selected and the digestion temperature.
If the temperature is below 360°C the release is slow or incomplete,

If it rises to over.410°c there is some loss of NH3 from the mixture.
The soil is more finely ground than normally and soaked for half an
hour in distilled water before treating with sulphuriec acid. ‘this
aids the achievement of complete oxidation. The catalyst chosen
was the Kjeldahl tablet manufactured by Boot's. It contains 20
parts copper sulphate, 0.005 parts selenium and 100 parts anhydrous
sodium sulphate, total to 2.5 grms.

Digestion is achieved by weighing out 20 grms of ground fine-
earth sample into a Kjeldahl flask with 60ml, distilled water. This
is allowed to stand for thirty minutes. Eight Kjeldahl tablets and
40 ml. concentrated sulphuric acid are added and the temperature .
gradually raised on the thermostatically comtrolled Kjeldahl rack.
Digestion proceeds until the colour of the mixture changes to blue,
green, yellow or straw colour and then for a further forty five
minutes to one hour. The solution is then allowed to cool but not to
crystallise and is transferred to 250 ml standard flask ﬁnd made up to
the mark with distilled water. Ten ml, of each sample is distilled
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in the Markham still into 10Oml. boric acid (and mixed brom cresol green
and methyl red indicator adjusted to pH 4.5 and a purple red mid-point
colour. ‘the sgmple is titrated with N/100 HC1l "back to mid-point and
the result is set against a blank., Percentage nitrogen is calculated
by simply mulitplying ml. acid required by the same less the blank by
0.35.. The percentage nitrogen can then be combined with percentage
carbon to give the C:N ratio.

(f)  Availahle nutrients.

No modifications were thought necessary and normal leaching and

colour or spectrum analysis procedure was followed.
(g) Cationic exchange data.

Because of the high calcium and magnesium carbomate content of
most of the soils encountered certain modifications to standard procedure
were adopted. A 2,5 grm sample was leached with N ammonium acetate
and sodium and potassium cationic status was determined in the normal
manner using a flame photometer. Extracting calcareous soils with
NH40£c.dissolves Ca and Mg extensively. The use of 0.2K B‘aCl2 -
triethanolamine was found satisfactory as the B’a.CO5 coats the surface
of calcite and .dolomite. and makes them insoluble, given a satisfactory
pH of 8.1. The leachate thus obtained is analysed on the Hilger Watts

atom absorption apparatus to obtain calcium and magnesium cationic status.

Total exchange capacity was in the first instance determined as
totael sodium By leaching the sample after the ammonium acetate leach
with sodium acetate. The excess sodium was taken off by leaching with
methanol. Results were highly unsatisfactory and did not resemble in
total or even proportionally the sum of major metallic cations
determined individually, More comnsistent results were obtained by
leaching with sodium acetate after the BaCl2 - trethanolamine treatment.
This measurement should in no way be considered as highiy exact, but
rather as an equilibrium measurement under the conditions chosen.

This led to agreement with the opinion that 'Next to lime requirement
no other soil comstant perhaps, is so0 widely used and yet so little

understood as "base" emchange capacity.' (32)., Comnsidering the
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difficulties: encountered and the unreliabiiity of even the better
results, total exchange capacity determination was not made on many of
the soils, A more rewarding estimation was of meq. percentage of
individual cations based on total major metaliic cations by addition.
This enabled full correlation and allowed satisfaétory consideration
of fertility in relation to individual ion antagonisms. Ratio and
proportion are certainly of more value than supposedly exact totals.
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SECTION THREE
SOILS

The soils of the East Durham Plateau are formed undexr the

influence of the following factors and processes:-

l., Parent material

2, Topography ..

" 3. Soil movement

4. Veathering and drainage.
Yhese factors are interrelated and their reiative importance varies
in different locations.

9922325-% - " Parent material

As already described there~are three'major sources of parent
material. s various drifts, the Magnesian Limestone and alluvial
deposits. ' ' )

The glacial drift can be grouped in several ways according to
colour, texture, depth or stratigraphic similarities. From the
various criteria a four-fold division is found suitable.

(a) Single drift of the. west. Where developed to more
than four feet in depth these provide soils varying from silty loams.
_through clay loams to clays. The surface horizons vary from loam to
clay loam. fhere is usually some ciay movement and accumulation with
a resulfing (B) horizon which may be Clay. ‘he parent material is
within the range Silty-loam to Clay-loam. An example of a typical
profile developed on this kind of drift is given. :

-(Fig.23)‘ : ~ Profile 140 .
-_-,Clar',f Silt %  Total sand % Pexture
lo ‘| 33 13 52 - |Clay-loan
2. | 3T ©o13 . 50  |Clay
3. 27 26 46 Clay-~1loan|

(Note in allcases where percentages do not add to 100 this is because of
rounding off tovwhble numbers, and experimental losses,) '
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In some cases where there is better Limestone, diiferent conditions

obtain'. -

A horizons are usually deeper and more friable falling imto

the Loam category.

There may be some slight movement of clay

' represeniing incipient podsolisation, and very slight accumulation
at the top of the unweathered parent material or at the surface of

the Magnesian Limestone.

Profile 9

(Fig.24) - | i s -

" Clay % Silt % Total Sand % Texture|
I, 13" 16 i6 54 Loan
2. 4-10" 19 19 59 Loam
{3. 10-20" 16 17 64 Loam
4. 20-36" 30 17 . 46 Clay Loanm

Clay accumulation was noted at the bottom of the plough layer in‘this
profile which represents the beginning of a plough-pan an incipience
' not uncommon in clay soils of this region.

(b) In the east, drifts with a dominant red component
in their colour and triassic material identifiable.in their mass are
. encountered. There is a.similar division, into heavy and lighter
dritt materials with associated drainage differences, as in the west
" but for different reasons.. Most of these drifts are deep but some
.are basically higher in clay status than others. Those with a high
clay status, sometimes far higher than clays in the west, fall into
the same Soil Series as their Carboniferous-Permian drift counterpaita.
The lighter drifts form a basis for a separate Series which has local
variations according to topography and soil movement.

(Fig.25) Profile 56 . . o
_ : © 1. | Clay % 9ilt %  Sand % Texture
R O T 0-14' 19 13- 68 Loam
2. T-15" | 20 17 62 ‘Loan
3, 15-26" | 22 19 58 - Clay-Loam
4, 26=39" | 20 18 62 Loam
5. 39-48" .| 21 17 - 61 Loan
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(Pig 26) Profile 57
2. Clay% 511t % Sand % Texture
l. 0 - 12% 13 R V- T4 Sandy-loam
2. 12 - 36" 21 . 12 65 Loam
3. 36 - 48" | .24 : 13 62 Clay~loam
4. 48 - 56" 24 20 55 Clay-loam

The first example represents a fiat side and some clay movement

with accumulation below the plough level. The second example
represents a profile infiuenced by soil movement, which is more typical
of these materials which occur on hummocky and rolling terrain. The .
fourth horizon in this case, though not texturally distinct is visually
the only completely in situ material. .Clay content rises from surface
- to depth, silt is constant .and sand percentage falls, as clay increases,
" up to the abrupt change at the unweathered driit material.

(¢) Mixed and re-sorted dritts. There is a morainic
belt where the above-mentioned drifts are seen in intimate mixture
or varied juxtaposition. In some ways they behave similarly to the.
heavier dritfts of the east and west, but. there are. several distinctions
and they encompass such wide stratigraphic variation that they form the
.5asis of a different Soll Series. They would perhaps be better grouped
as a specific Parent Material Association with incluled Series
established as a result of wery detailed mapping, bﬁ% the complexity
would be prohibitive of intelligibility. They include variations
wiithin very smalidistances . that, weré it not for complexity, could
be included in other Series. Where larger distinotive.areas are
developed they are inclu&ed in their. appropriate Series. There is
no one typical profile but the following is an example of what can

4

ogccur,

(F1g.27) . [Pzofile 48
, Clay % Silt % Sand % Texture i
0-12"] 18 14 65 Loam
12 ~ 50" 37 36 . 26 - Silty Clay-Ioam
50 - 70" 36 © 38 25 . Silty clay-loam
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A more comprehensive picture of the variations encountered can be
obvained -on inspection of the appropriate parts of Sections I and II.
Sorting of drifts by agencies subsequent to the original deposition
will bve cénsidered later.

.(d) Sands, sands and gravels and mixed sandy or sandy and -
gravelly clays. There are-distinct morainic units which result in
a lighter soil parent material than found elsewhere .in the region.
Exact mechanical composition may vary, but the unitying distinction
is lightness of texture. Coastal consolidated blown sands and limited
~ exposures of the Middle Sands of the drift sequence are inciuded in
this grouping.

An example of a profile on a kame-like feature of water deposited
sands and.gravel shows stratigraphic variety regardless of soil fo;ming

~ processes. _ _
(Fig.28) ~ Profile 50 '
| Clay % Silt % Sand % Texture
1. O =-T" T | T 86 Sand
2, T =30"| 7 ' 9 - 84 Sand
3. 30 40"} 9 8 - 82 . | Send
4. 40 -50"| 6 1 93 Sand - #
5. 50 -60"| 4 1 95 - “Sand y

An example is given below of the other extreme, a protile with a
comparatively high clay content in the;fine-earﬁh sample but with
sufficient small gravel to ensure good drainage and easy cultivations:~-

(rig.29) ' . Profile 1
. |Clay % Silt % Sand ¥ | Texture
le 0 = 947 26 14 7 60 - Clay loam
2. 94~ 15" 35 16 49 Clay loam
3, 15 -30"| 28 19 52 - | Clay loam’




(92)

Thin soils developed over limestone. Only very rarely do
profiles develop in which there is no visible evidence of drift
influence and even here the possibility of drift material being
discreetly incorporated into the profile cannot be ruled out..
One Rendzina-like profile will serve as an example.

(Fig.30) Proiile 2 ‘
. Clay % Silt % | Sana % Texture ‘
1. 0 - 4“1 19 19 . 6l - Loam

Oniy one horizon is developed in this form bBut as drift influence -
increases a (B) horixon emerges. There is usually a good proportion
of clay in the drift,

(Fig.31) ' _ Profile 3
| Clay % 8ilt % Sand % Texture
1.1 5" 10 15 73 Loamy sand
|25 flif 25 15 .| 58 . Clay-loam

As depth'increases o’ sometimes even when atill'very shallow, the profile
is more developed and a further horizon appears. This is weathered
drift directiy over the limestone and.limestone fragments and weathered
limegtone powder is usually intimately incorporated.

(Fig.32) Profile 34
' - Clay % silt % Send % Texture
1. 6 - 4" | 14 16 65 Losn
2. 4 - 9" | 24 ' 21 56 Clay-loam
3. 9 -12" | 21 _.20 56 Loam
_ 4, 12-20" Brecciated limestone

It .will be noiided that the (B) horizon shows textural signs of clay
accumulation and on dried out faces clay coating of individual peds is
very olear, ' ' '

~

. From thie depth there is a transition to the better drained deeper
dritts of the plateau, as typified by the fpliowing profile.
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(Fig.33) | Profile 39

Clay % Silt % Sand % Texture
1, 0- 13" | 7 17 70 Loamy Sand
2, 1%-20" |14 = | 21 - | 63 Loam |
3, 10-21" | 18 | 26 53 Silty Loam
4., 21=32"% 1. 45 52 . * 8ilty Loanm

There. .was little sign of clay coating in this profile. Horizon 4
is a highly weathered powdery limestone. '

‘'here are variations beyond the simple three-fold patfern of
progression described. There may be varying ciay content in the.
parent material. . If the clay cuntent increases a profile may develop
with similarities to soils on the deeper clays but because of the
shallowing of phgse, which is probably far more significant agriculturall;
it is grouped with these limestone soils. The .proximity of the
limestone surface is of great importance, particularly to drainage,.
- and while the last profile exhibits some signs of imperfect drainage
the following does not,

(Fig.34) - Protile 1

‘ Clay % Silt % Sand % Texture
1.2 -.7"| 17 17 - 65 Toam
2, 7 12" 24 15 . 60 | Clay-loanm
| 3. 12-18" | 36 17 .| 48 " | Clay
4. 18-24" |9 20 71 Loamy sand

Horixzon 4 is again weathered limestone and it will be noted that it
iw neither as far down in the profile nor itaelf as thick as thé
' corresponding horizom in (39).

There is further variation depending partly on the type of
limestone beneath the profile. For example some beds are of a very
powdery, .easily weathered material. 1In the profiles already described
the drifts have inocorporated within their mass varying amounts of platy

R
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or angular limestone fragments with some wegthered-liméatone powder.
This solid limestione does not alter the texture ofAtné fine earth

and the éoils are, especially when déep, comparatvively heavy to

handle. When the incorporated limestone is entirely weathered powder,
however, the texture and cultivation potential is significantliy '

altered.
- (Fig.35) Profile 4
Clay % , S11t % Sand % Texture
l. 0 -%"| 9 18 T3 Loany Sand
2. 5 =13" | 12 18 70 {1 Loam
3. 13=-13%" il 22 66 Loamy Sand
4. 13%-24" 0.4 | 22 67 Loamy Sand

Horixop 4 is ﬁhe wegthered powdery limestone.

All the above variations were so logically patterned in
progression as to be thought validly included.as types or varieties
within one Soil Series. A variation more distinct and decisive
resulted in the establishment of a separate thin-soil Series. 1In.
tvo significant areas in the region the drift is quite thin and has
during its deposition ripped the surface of the .limestone far more
seriously than elsewhere. Instead of normal incorporation of limestone
into the drift the whole mass is an intimately'mixed—amalgaonf
limestone and clay with the 1imestone.forming the major part. In
Places bands and wedges of limestone.occur within the profile above
more balanced soil mixtures. The scraped surface is variably filled
with drift and coal bands which pass down cracks and hollows. The
resultant parent, material and indeed the whole.profile is therefore
_'éignificantly more sandy than the other thin soils of the region.
Types similar tg'the heavier counterparts are discernible. Fox
example, single»horizon profiles are common.

(Fig.36) Profile 32 .
. g Clay % Silt % Sand % Texture %

1. 0-15" 9 = 14 T4 | Sandy loam
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A second horizon is commonly incipient but often not a8 well developed
as in the earlier soils,

(Fig.37) o Profile 31
_ -{Clay % .| Silt % Sand % Texture
‘le 0 - 5% 9 i T :.“ - 80 ) Loamy Sand

2. Weathering parent material with some crumb ‘séructure
but mainly pitted limestone fragments.

Where better developeé, the second horizon is stili only weakly stabdle
in structure in most cases. _ '

(Pig.38) . Protile 30 | _‘
Clay % - 81l % Sand % Texture
1. 0=-2" 7 18 74 Loany Sand
2, 2 - 4| 5 ot 75 Loamy Sand
3. 4" + Weathered limestone

There are thicker developments in exact correspondence with the earlier
Series but again these are very sandy despite the increased depth,

(Pig.39) ' Profile 29 |
Clay % S11t % | Sand % Pexture
1.0 = 17| 2 25 70 Loamy Sand
1-48"111 | 21 | 62 Loam
3 3...4@-1454 13 | 25 - 62 Loam
4.148-294" Weathered limestone

1.3 Alluvium, There are two forms into which alluvial deposiis are
' ,differentiat'edv.-.’._ Valley alluvium is fouhd in bottom land alongside
streams and in other depieasions. * Profiles are very variable as the
following examph indicates. . 7 |

(Fig.40) Profile 47 | g
. Clay % 811t % Sand % Texture
1. 0 =127{ 15 13 72 Loan
2. 12-25"| 20 | 5 ° 74 .| Samy Loam
3, 25=40" | 11 . 7 82 . | Sendy Loam
4. 40-T0%| 4 1 83 ___ Loamy send wish grave
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The other oclass of ailuvial materials show_méra distinctive features

in association with peat, silt, sand and mixed bands in differing .

sequences. Two examples will show the differepoea that can ococur,
(Fig.41) Profile 16
Clay % . S11t % Sand % Texture
1. 0 - 5" 23 14 62 CIayU}oam
2, 5 -18" 29 10 61 Clay-loam
3. 18=21" 34 9 56 Clay
4. 21-36" 23 _ T 69 Sandy loanm
(Fig.42) Profile 17
| Clay % - S511% % Sand % Texture
1. 0 = 5" 27 17 56 Clay-loam
2. 5 -12"| 29 15 56 Clay-loam
3. 12-24"} 23 11 66 Clay-loam
4. 24"+ 51 30 20. Silty Clay

In both cases horizon.4 is succeeded by laminated clays which persist

to at least fifiy feet.

* In places various forms of drift similar to those in 1.1 occur

over the alluvium or perhaps as remnants of islands above at least.

part of the lacustrine deposition.

These show horizon development

more consistent with pedogenetic processes but even here resorting
of parent material regulta in poh-genetio stratification,

(Fig.45) Profile 21
 Clay % Silt % Sand % Texture
1, 0 - 7| 23 16 61 Loan
2, 7 -11" 24 14 61 Clay-loam |,
3, 11-20% | 33 .16 50 Clay-loam
4. 20"+ 31 23 47 Clay-loan




)Fig.46) Profile 25
o  lcley % Silt % Sand % Pexture
1. 0 -__'e-" 21 15 61 Loam
2.6 -13"| 21 45 61 Loan
3. 13=18"| 33 . 15 51 Clay-loam|
4. 18-66" | 61- 24 16 . Clay |

Most of the alluvium encountered are subjected, depending on

‘topography, to ground-water gleying.
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In discussing parent materials emphasis has been laid on texture.

Of course texture is not_fhe_only‘factor influenoced by parent material

but other considerations can be discussed more adequately in the

'.ensuing‘soheme.
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Chapter 2
Topography
2.1 As depth of profile can be visualised increasing on the much

simplified diagram (Fig.43), an imaginary B-W transect which helps to
demonstrate Series development, so & valley-ridge transect can help to
explain topographic influences on the scarp edge, (Fig.44). It is
clear that in Fig.44 features of the soil profile very similar to

those in Fig.43 are encountered.although not in.the same sequence.
Instead, an irregular topographic Soil Catena is formed. On spur X
there is a zone at the top of the hill with thin single horizon profiles
direetly above the.limestone. These are the same soils as at a in
Fig.43. Becéuse_of topography and the relatively high rainfall at
this elevation (500ft+} there is some active soil erosion. This

leads to slight thickening in zone 2, The soil may still be moving
and still does not exceed 12" so there may be no second horizon,
Sometimes however because of lodging in irregularities in the limestone
surface there may be a.second horizom of weathered material inciuding
drift. Often where hollows are filled in this way the vegetation
seems to slide over the surface without exiending its rooss into the
lodged material. In other cases mature profiles develop using

lodged material as an essential part of the solum. These three forms
are .so mixed together in small areas that they are grouped together

as one transitional type as the ab comnotation, which will be developed
later, suggests..

Below in zone 3 is a virtual free face where vegetation at best
clings to the limestone. In some restricted site soil persists
but mative rock is usually exposed. Zone 4 represents a more
complicated section which is receiving material from above and. shedding
material to zone 5. Here depth of profile is increased to 12-18"
and apdrent material is always present and often a (B)/C or (B) horizon.
Bhere the (B) is particularly well developed and clay coatings on the
ped faces begin to alier the drainage regime the solil can be safely
grouped with.c soils of Fig.43 or zome 9, Fig.44. The reason for
this is agriculturally bBiased. Despite shallowness such well
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developed profile characteristics inhibit the frequent summer scorohiﬁg
encountered on a and b soils where there ;s exocessively free drainage.

Zone. 5 represents a colluvial zone, which will be dealt with under
Soil Movement.  Zone 6 alongside the stream bed exhibits all the
typical characteristics of a ground-water gley soil. There is some.ft.
limestone in the drift material and particularly near the stream some
alluvial material. The riagnesian Limestone surface is either at
considerable depth or is . breached completely by erosion which took
place before Glacial deposition. The surface horizon is usually
a humus-rich clay loam. There is a clay (B)g and a G horizom of
8ilty loam texture.

(Fig.47) | Prorile 14
o Clay % 811t % ' Sand % Texture
1.0 - 13" | 33 | 13 53 Clay-Ioam
2. 13- 22" | 37 13 51 , Clay
3. 22-50"+ 27 _ 13 55 Silty-loam

" Mention.of the development of the.original valIey before poat-Glacial
times is enforced by the differing formes of slope between north and
south-facing facets. The south facing slope is often far steeper than p
its north-fecing counterpart in accord with classic glacial erosion,

(This is occasionally reflected in farming practice vhen advantage is . i
made of the gentler slope which is more congenial to tractor ploughing.
More oiten however the northerly aspect outweighs this advantage and

prevents arable use).

. The s8o0oils in Spur Z are not, therefore, in the same sequence as those
onX... Zone 7 corresponds with zone 5. .Zome 8 corresponds with 4, but
"is at a.différen@faltitude. - There is no free face., Zone 9c¢ is.
at the same elevation as la but thé ridge top is more extensive and there
is less erosiom. Drift influence is substantial and soils identical

N

to ¢ in Diagram 1l are found. ST Na
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Chapter 3 . . Seil Movement
3.1 One case of soil movemeant left over from the previous

- chapter must be described first. In Fig.44 zones 5 and 7 represent
colluvial belivs circling the foot of many of the scarp spurs. The
geological 'soil' is deep and often the solid limestone is not .
encountered within 24" or even many feet of the surface. Profiles
are thus in one way distinct from zone 9 Fig.44 and ¢ soils (Fig.43)
but they are grouped with them. As they are collecting sites from '
zones l-4 and 9-7 they have large quantities of weather limestone

in their mass and they behave in a similar way to other c soils.
They have a well defined A horizon, which is usually a loam, over

an equally well-defined.(8) also.a loam. The parent material is

& sandy loam dominated by a free-draining structureless mass of "
weathered limestone fragments.

(Fig.48) _ Profile 12

Clay % silt % Sand % Texture
1.0-7" | 19 ., 10 63 | Ioam
2. 7-14" | 19 10 | 65 Loan
3. 14-36"4 _ Weathered limestone, fragments.

The first indication of colluviation encountered was- the colleovion -
of material behind an.old stone wall on the slope at the bottom of
Spur X, Fig.44. An attempt was made to quantify colluviation. In
all soils in the region some rounded quartz grains are encountered

'in the fine sand fraction. A count of these grains in proportion .
to all other fine sand sized particles was made in level sites of soil
stability. In,Eome cases there was less than ten percent variation
'throughbut the protile. On slopé sites and other possible colluvial
sites eimilar counts were made bui.results are by no means conclusive,.
There .are many factors to take into account but it seems reasonable

to assume that during soil movement some particles of the same fraction

will in some circumstances move more readily than others, depending
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on size and shape. .. A significant disturbance of the contfol size
vattern could be measured. As yet the method has not been sucocessful
because of the difficulty of establishing satisfactory.control |
patterns and because of the different forms of soil movement.

3.2 A8 had already been indicated much of the area has been
infiuenced by post-Glacial surface changes including resorting or
homogenisation., This could be through a combination of peri-Glacial
frost-thaw action and large scale movement of wedges of clay along
8lip surfaces. There 4s also the possibility of great disturbance

of the top layers of soil by post Glacial afforestation and subsequent
clearing. Most 6f the profiles on the deep single drift, on the
mixed drifts, and to a lesser degree on the heavier ‘riassic drifts
exhibit a stiratigraphic depositional horizon still in competition with
pedogenetic horizon formation. The thickness of this layer varies
from an inch.to several feet and is usually a sticky clay to silty
clay texture. .The effect of the widespread surface disturbance,
vhich must to some degree affect most of the thicker clays, is to make
soil survey very difficult. The unifying feature of these soils -

is b#d drainage and a ready source of mobile clay and silt to cout

the faces of the lower gley horizon., - Soil movement cieariy presentis
correlation of soil type with drift type., At depth drifts may be
classified by textural similarity but at the surface there is textural
complexity particularly because of factor of movement.

Three examples of the effect of this complex horizom show

clear differences.

(Fig.49) - Prorile 6 ..
. Clay % Silt % Send % Texture
1, 135" | ‘18 - | 18 64 Toan
2. 5-21 | ‘23 13/ | 64 | clay-loam
3. 21-364{ . 32 12 56 . Cley
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(Fig.50) Profile 11 .
 |clay ¥ Si1t % Sand % Texture
1.0 - 6" | 34 | 22 42 Clay-loam
2, 8 =31" | 48 - 26 22 Silty clay
3. 31-48"| 28 13 55 |  S8ilty loam
(Fig.51) Protiie 20 _
Clay % Silt % Sand % Texture
| 1. 0-6"| 30 17 52 Clay-loam
2, 6 -25" | 34 22 43 Silty olay-loam|
3. 25=30"+ Weathered limestone !
3.3 More recent movement of so0il material is evident away from

the scarp and especially in .the hummocky area around Hutton Henry,
Wingate and Hulam. Here there are features related to the coliuviation ‘
of the scarp but under the infiuence of far gentlier topography. . Z
-8light rises and knolls of varying shapes give rise to different soil ,J
profiles and particulariy to different textures in the .plough layer. ”
No hard rule is possible But generally where the slope is stieeper,

_ or the.convex hill-top is not extensive, soil will have moved to lower -
levels. Yhe. result even in comparatively loamy soils of the lighter
Priassic drift is that the surface horizon-is shallo;er, heavier or
.less rich in organic matier than on more stabié,sitgs.. An extreme-

. shedding .siie 18 where. bare clay is.exposed but moie commonr would be
the following example vhich can occur either on narrow tops or in

shedding botfom land.

- (Pig.52) o " Profile 52
S éla.y % Silt % "Sand % " Texture
1.0 - 6" | 20 19 61 Loam
2.6-3"| 38 | 23 38 ~ Silty clay-losn

e A more stable siie.occurs on.¥
\\Q‘“"Emi Rt

R
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gentle slqué or on the tops of more

. extensive hummocks., -
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_ Profile 8
Clay % Silt % - Sand % Texture
1.0 - 3| 23 18 58 Loam to clay-loam
2.3 -6"| 25 24 51 Loan to silty-Ioa
3. 6 =32+ 26 14 53 Clay

Receiving sites include down-slope and open depressional locations. -

(Fig.54) Protile 101
Clay % Silt % Sand % Texture
1, 0 -7 | 19 13 68 loan
2. 7 -15" | 21 17 62 Loam
3, 15-26" | 23 19 58 'Clay-loam
4. 26=39" | 20 18 62 Loanm
5. 39-48"+ 22 17 62 Loan

This protile has an incipient plough-pan forming at 15 - 154"

In the last protfile humus was present to 15 inches.. . 4 more
impresaive.examplg of a collécting site has humus and plant roots
influencing soil colour\to 48 ipches and there is no plough-pan.

(Fig.55) Profile 102
Clay % S11t % Sand % " Pexture |
1. 0 - 12" | 14 12 T4 Sandyloam.
2. 12- 36" | 22 13 65 Loan
3. 36- 48" | 25 13 62 Clay-loam
4. 48- 56"+| 24 20 55 Clay~loam

. Here there is a marked 'unconformity' between horizons 3 and 4.
In colour they are similar as in éeneral texture class, but there are

significant ditferences in the silt and sand.fractioms.

Un close

inspection'of the profile. it seems that at some time 4 has been either

stripped.of its original profile or has in fact never been a parent

material, -

Horizon 3 has moved over it and now forms a  related but
distinot parent material for the profile. '
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The general picture in this area near Hutton Henry is thus of
hummocks and depressions. Yhe hummocks may be shedding sites either
depleted in upper horizons or siripped bare. Where more extensive,
they may be stable sites. ''he depressions and down-~slopes alongside
narrower hummocks are collecting sites, while those below extensive
hummocks may themselves be stripped and heavier due to erosion. . It
is possible to map these diiferences at six inches to one mile scale
but it 1s not possible to reduce them to smaller scales. Nor are
the areas of sutficient extent when mapped to be of use as planning.

units. As they all occur only on higher drift material and even
when depleted do not become uncultivable they are included in one
Soil Series.,

3.4

More serious and significant erosion on heavier drift under
similar topographic conditions results in the exposure of atiff
gleyed clays which take the plough only with difificulty and regularly
inhibit crop growth. ‘these conditions occur particularly where
unintegrated drainage in.one area has resulted in an excess of water
flowing .over other soils. ‘they are given special distinction on
the Soil Limitation map.
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Chapter_4
. Wegthering
4.1 It is clear that weathering influences will vary on

different soil parent materials, and on the same parent materials:
with some degree of complexity. On the heavier clays, incliuding the
deeper single drift weathering is often very shallow, to just a few |
inches. A consistent gley horizon persists quité near to the surface
a8 seen in -long sections one to six. Above, this, horizon gleying may
vary in severity to penetrate the individual structural units. Where
the drift is mixed or resorted some conditions may lead to more
established horizonal development. In long section Ong bands of
gravel are seen to lead to the development of an immature podsol.
Wherever drainage is improved significantly, for example by & highex
conceniration of magnesian Limestone, a second humus rich horizon
usually develops below the A. This is clussed as an A/(B) horizons
There is a (B) horizonm but the parent material is still sufficiently
strong to introduce gleying at depth., The gley line is therefore
merely pushed to greater depth, in what is a thicker profile, under '
the influence of slightly'imbroved drainage conditions.

4.2. Thinner drift soils, as at 4 in Fig.43,are usually weathered
completely to the limestone surface or to a depth of 3ft. 6 inches.
Three horizons are coﬁmonly well-developed (see Fig.56) an A, a (B)
and the weathered parent material. There may be some slight gleying
but drainage is not usually a serious factor in cultivation.

(Fig.56) | ~_Profile 6 w
Clay % Silt % ~ Sand % Texture ‘
1, 14 - 5" A | 13 18 64 - | Iocam ,
2, 5 =-21"(B)| 23 : 13 64 , " Loam to oclay-
o} B : 3 ' loan
3, 21-36" ¢ | 32 12 ‘56 Clay

Sometimes a further horiszon develops as in 4.1 partioularly in deeper
soils over limestone. - . ' R




(F18.57) | Profile g
Clay % 5ilt % Sand % Texture
1. 1 - 4" A |18, 18 63 Loanm
2, 4- 10fA/@)19 19 | 61 Loam
3. 10-20"(B) |16 17 66 Loam
4. 20-36" C |32 18 50 | Clay-loam
5. 36"+ Limestone

This A/(B) is usually texturally similar to 1. but is distinguished’
by a grey colour due to humus not present in Fig.56, 2,
(Fig.58) . Profile 6

‘ Organic Matter

(6) 1. 4.6%' c/n 10 (9) 1. 5.9 ¢/N 10
2. 1.5% C/F 100+ 2. 3.9% C/N 10
3. "1.56 C/F 100+ -~ 3. 2.06 OC/N 100+

4. 2.0 C/N 100+

4.3 Thinner soils of ¢, b and a (Fig.43) move away from the
horizon development above to a single soil horizon. In ¢ there may
rarely be four very shallow horizons but agriculturally the shallowness
of the whole profile is more imporiant; and in fact more often only"

an A, a (B) and a C horizon are present, In b there are usually

only two horizonss- an A and a C (drift over limestone). In & there
is an A horizon directly on limestone. None or.fhesa goils (4.3)

have any impeded drainage or gleying. Indeed the -opposite is the
case. Severeburnming of most crops and even grass is common in a \
and b, and potafoes are not successful even in o. '

A}
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Grouping the Soils
Chapter 5 '

From the above information it is possible to draw together
profile similarities and sequences to definme the Soil Series and
Agsociations established. Terminology is different from that used
by Dougall (19) in order to avoid confusion in whet is: a different
representation ot the soil pattern.

1. CORNFORTH SERIES.

This represents the soils developed directly on the limestone
surface with drift influence on soil formation ranging from very litﬁlé
to parity with limestone.(Fig.59) will be useful to understand this
Series. A. horizons vary from loamy sand to clay loam and (B) horizons
from loam to clay loam, Topography is usually elevated with rolling
slopes. Site drainage is always free and profile drainage:is free to
excessive, These soils are coloured yellow on the map. They are
differentiated into three Soil Types.

la. A.C. Type. (Maximum depth 6-10 inches)

These profiles occur on only the highest paris of the plateau
or om shedding sites. Immature soils similar in nature are found on -
quarry benches, road cuts and sea cliff ledges. An example of an A.C.

profile is Profile 2,

la _ Profile 2
1, 0 - 1" Ao Thick mat ot roots and humus
2, 1 - 4" Al 10YR 4/3 Dark brown loam with stromg crumb to

granular structure. Humus-rich and interlaced
with roots. Generally stonelessi, but occasional
fragment of Magnesian Limes it one fractured from
the rock surface. Reaction calcareous pH 7.6.
The whole horizom in places litts with the turf.

3. 4"+ C Hard limestone in places weathered to a fine yellow

powder.
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15, A.(8), ¢/D. (Maximum depth 12-18 inches)

These soils occur where the drift influence increases and are
distinguished by a (B) horizon which is a shallow weathered drift
horizon mixed with limestone and diredtly upon the limestone surface
- C/D. There are three textural varieties depending on the clay
percentage in the original drift, and the type of limestone incor-
porated within the drift and comprising the ¢/D horizon (Fig.35)

1%, VARIETY I. Light variety (can be stony)
Profile 33

1. 0 - 14" A. 10YR 3/2 Very dark grey-brown loamy sand with
a gritty feel due to presence of large quartz
grains, Large crumb structure. Humus and
roots throughout, Porosity good. Reaction
calcareous. pH 7.6.

2. 14 - 7V (B) 10YR 3/3 Dark brown loam with quartz grains and
occasional small rounded limestone fragments and
weathered powdered limestone.

3, T -10" ¢/D Powdered weathered limestone.

1%: VARIETY II.Stony variety
Profile 37
1. 0 - 43 A 10YR 3/1 Very dark grey loam with a strong crumb

structure and good porosity. Calcareous
reaction 7.6

2. 4 - T () 10YR 4/3 Brown to dark brown loam with sandstone
and coal fragments, but Magnesian Limestone
fragments make up to 50 percent of the soil bulk.
Very weak crumb structure and some root penetration
Calcareous pH 7.6

3. T =11" (c) 10YR 7/6 Yellow loam with magnesian Limestone
fragments dominating the material. Caicareous
reactiom pd 7.8

4. 11"+ D Bedded limestone
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1b, VARIEYY III Heavy (B) variety.
Profile 36
1. o - 63" A 10YR 4/3 Dark brown loam with strong crumb structure

and root mat in the top 1# inches. Calcareous
reaction pH 7.0

2, 6% - 14" (B) 10YR 4/4 Dark brown clay to clay-loam with nutty
structure and some cliay coating of peds. No

stones. Celcareous reaction 7.1

3. 14" ¢ ¢/D Soft friable limestone.

Discussion

Variety I is developed on a soft powdered limestone which ie
incorporated into the profile to reduce the dominance of the clay
fraction. Variety II is deveioped on a bedded limestone which has been
shattered at the surface, possibly by frost or pressure, and incorpor-
ated throghout the profile to give an excessively stony soil. Variety
III can form when the limestone incorporated within the profile is
hard and platy and does not reduce the clay quality of the fine earth
(as distinct from Variety I), or by having very little limestone
incorporated when developed over a soft limestone as in the example
above, 'his is agalin quite distinect from Variety I.
lc. (a)A. (B). ¢/D (maximum depth 24") (b) A.A/(B).(B).c/D. (Maximum

depth 24"

The unitying feature of these soils is that drainage is not
usually excessive. This is either because the soils are sutficiently
deep e.g., (a) 18-24", or even when as shallow as 12" the profile has
sutficient development in the form of clay accumulation.

There are four varieties, three depending on texture and one
depending on its colluvial origin. These can be further grouped
around the horizon development as expressmed in (a) and (b).
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VARIETY I a (Light variety)

(B)

c/D

Profile 4

10YR 4/1 Dark grey loamy sand with good crumb to
granular structure, Rich in humus and almost

stone-free. Calcareous reaction. pH 7.6

10¥R 4/3.5 Dark yellowish-brown loamy sand with
increasing number of weathered Magnesian Limestone
fragments at depth. Drainage free. Reaction
calcareous 7.7

n/7'5{3 _
5YR/Pale yellow powdery limesione. Calcareous

reaction 7.7 pH

VARIEYY I b (Light variety)

0 - 3"

3-9"

9 - 13"

13 -24"

0 -~ 3"

3 - 12n

A/(B)

()

c/D

Profile 28
10YR 4/2 Dark grey-brown loam with good crumb
structure, Humus-rich, Some coa} fragments
at the base. Calcareous reactiom pH 7.7

10YR 5/2 Yellow-brown loamy sand with crumbs
developed around roots, Small limestone
fragments, Calcareous reaction pE 7.8

10YR 6/4 Light yeilowish-brown loamy sand with
frequent weathered lime fragments. No strong
structure. Calcareous reaction. pH 7.9

10¥R 8/6 Yellow sandy weathered limestone.

"VARIETY II a (Stony within ploughed depth).

(B)

Profile 10
10YR 4/2 Dark grey-brown clay-loam with numerous
stones. Humus-rich. Calcareous reaction pH 7.8

10YR 4/3 Brown siony clay-loam. Very stony from
sand to boulders. Coarse angular nutty structure.
Compacted, firm consistence. Not sticky.
Moderate humusj; frequent, small, free-growing
roots. Drainage free but horizon moist., No

-mottling. Calcareous reaction pH 8.1.
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Boundary diffuse.
12 - 24"+ C/D Fissured surface of the limestone, hard and

broken.
VARIETY IIb (Stony within plough depth)
Profile 13
0 - 10" A 10YR 4/2 Dark grey brown loam with crumb to large

granular structure. ¥Fine, honeycomb, ubiquitous
aggregate porosity helped by stpnes. Friable;

no induration; non-plastic; non-sticky. High in
humus, Abundant fine, free-growing roots.
Drainage free; no mottling. Reaction pH 6.9
Clear boundary.

10 - 17" A/(8B) 10YR 5/2 Grey-brown clay-loam. Stony with coal,
sandstone and limestone up to 8", Medium
subangular blocky structure. Very fine aggregate
porosity. Compact, indurated, plastic, sticky;
lov inr humus but frequent fine, free-growing
roots., Drainage very slightly imperfect.
Calcareous reaction pH 7.3 Boundary sharp.

17 - 24" (B) 10YR 4/3 Brown sandy clay-loam. Stones dominate
and in all sizes and types. Structure determined
by stones. Compact, plastic, siightly sticky.

No humus. Few fibrous toots. Drainage slightly
imperfect with rust mottling. Clay coatings on
stones. Calcareous reaction pH 7.6

24 - 31"+ Rock.

VARIETY III a (Heavy variety)
Profile 1
o0~ 1" A 10YR 3/2.5 Very dark greyish-brown loam with good
crumb strecture. Humus rich many roots.

Numerous: coal fragments and some Magnesian
Limestone. Drainage free. Calcareous reaction
pH 703



2.

3
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1.

2,

3

4.

1c.

1.

7 - 18" (8)

18 - 24"+ C/D

VARI®ETY IIT

0 - 4" A

4 - 9" A/(8)

9 - 12v (8)

12 -20"  C/b

VARIwrY IV

0-7" 'A
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10YR 4/3.5 Dark yellowish-~ brown clay loam
with nutty structure. Less humus and less
roots. Stones gencrally infrequent.
Drainage slightly imperfect. Calcareous
reaction pH 8.0

10XR 5/4 Yellowish-brown to 10YR 7.5/4.5 very
pale brownish-yeliow clay transiiional to
yeliow powder and platy limestone.

b (Heavy variety)

Profile 34

1OYR 4/3 Dark brown loam with occasional
sandstone and limestone gravel. Well-
devdoped crumb structure. Mmat of roots and
humus throughout. Drainage free. Calcareous

reaction pH 7.4 Clear boundary.

4
10YR}¥;llow-brown clay-loam with a weaker crumb
structure but rmots and humus throughout.

Drainege adequate. pi 7.5 Boundary clear.

10YR 5/6 Yellow-brown clay-loam with nutty
structure. Few stones or roots. No humus.
Slight clay coating. Calcareous reaction
pH 7.5

10YR 7/4 Very pale brown mixture of clay with

yeliow limestone fragments.

(Colluvial variety)

Profile 12

10iR 3.5/2 Dark grey-brown loam, slightly
stony - limestone and coal up to ¢". [Large

crumb structure; porous honeycomb, ubiquitous
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aggregeate. Fissured. Mellow compaciness.
No induration; non-plastic; non-cohesive;
non-sticky. Humus-~rich. Few fine, -
free-growing roots, Free drainage thpough
moist. Calcareous reaction pH 7.7 Boundary

clear.

2. 7 - 14" (8) 10YR 4/4 Dark yellowish-brown loam. Stony
with Magnesian Limestone fragments and some
coal. All sizes. Cloddy (moist) structure.
Porous, honeycomb and vermiculate inter-
aggregate; ubiquitous within the aggregates.
No induration. Loose consistence, non-
sticky. Free drainage. No humus but some
fine dead roots. Calcareous reaction pH
7.8 Boundary clear. '

3. 14 - 24"+ c/col 10YR 5/7 Yellowish-brown sandy loam with
stones dominant. Soft weathered Magnesian
Limestone of all sizes,.shapeé and stage of
rotting. No structure. Fine ubiquitous
porosity, especially open around stones.
No induration. Non-plastic; non-cohesive.
No humus. No roots. Free drainage but

moist.
lc. Discussion

Variety and sub-variety vary for the same reasons as in 1lb.
Examples of each variety and sub-variety (except varieties for lc IV
whee not differentiated) are given to illustrate the great variety
" of soils encountered within this Type. Obviously characteristics
of varieties I and IItwill be seen in variety II and, correspondingly,
the stonimess of variety II can occur in I and III. Variety IV can
include characteristics of varietiesI, II and III in bdth (a) and (b)
forms. The description is valiid as it is important for agricultural
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purposes to know the variety of conditions one might encounter. The
varieties are not mapped in this Series however (although Types are)
because they are not sufficiently extensive urts. They are indicated
only where of supreme importance on the Limitation maps for example
where stominess prohibits ploughing.

2. MIDDLEHAM SERIES.

These soils are in some respects similar to those in the Cornforth
Series, but they are brash-like throughout because of severe scraping
of the limestome surface. They are subdivided into three similar
Types but because they are uniformly sandy loams due to their mixed
parent material they are not sub-divided into textural varieties., Nor
are they usually divided according to varying horizonai development
within the Type because structural development is far weaker. Bype

Za/b is given as a 'rare example. These 80ils are developed on
rolling slopes with satisfactory site drainage, and profile drainage
is free.

2a. A,¢/D (Maximum depth 5-15")

Profile 32 .
1. 0 - 15" A 10YR 4/3 Dark brown sandy loam with a mass of

roots, mimeral soil and weathered limestone
fragments intimately mixed. Large crumb
structure and stones give very open perosity.
Drainage free. Calcareous reaction pH 7.6

Boundary diffuse.

2. 15"+ ¢/D Brown limestone
2a./v .A.A/(B).C/D Profile 31
1, 0 - 5" A 10YR 4/3 Dark brown loamy sand with a mat of

roots and numerous small limestone fragments.
Some crumb structure weakly developed. Open
porosity. Free drainage. Calcareous reaction
pH 7.8 Boundary distimct.






2. 5-7"  a/(B)

3. T+ c/D
2b. A.(B).c/D

1. 0~ 14" A

2. 1% - 4" (B)

3. 4 - 14"+ c/p

2c., A.A[‘B).SB!.CZD.

1. 0 - 2v A

2., 2 - 4%" A/(B)
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10YR 6/6 Brownish-yellow sandy mixture of
stones and mineral soil, Crumb and grains
of soil and organic matter passing down from
1.

Weathered broken limestone.

Profile 30

5Y 5/2 Grey-brown loamy sand with mat of roots
holding structure. Many small limestone
fragments, Open porosity. Free drainage.

Calcareous reaction pi 7.7

2.5Y 6/2 Light grey-brown loamy sand containing
small limestone fragments. Roots present but
no humus, At the base of the zone limestone
band::. Calcareous reaction pH 7.6 Boundary
clear.

2.5Y 8/4 Pale yellow silty loam. Weathering
limestone with small proportion of mineral
soil.

Profile 29

10YR 4/2 Dark grey-brown silty locam tending to
loamy sand. Humus-rich, Structure held by
roots. Limestone fragments and quartz grains
numerous, Open porosiiy. Free drainage.

Boundary clear. Calcareous reaction pH 7.7

10YR 4/3 Brown to dark brown loam with crumb
structure and granular té4ndencies. Stones
increasing in frequency. Roots and humus

throughout. Calcareous reaction pH 7.7
Boundary clear.
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3. 4% - 14" (B) 10Yk 5/4 Yellow brown loam with more limestone
fragments, up to 2", Crumb structure only
round roots. No humus. Calcareous reaction

pH 7.8 Irregular boundary.

4. 145 - 293" C/D 2.5TR 8/4 Pale yellow s8ilty loam with large
plates of limestone up to 6". Few roots.
No humus. Transitional to limestone powder

and stones. At 30" broken limestone.

3. KELLOE SERI&ES

This widespread Series is in sdme respects transitional from
Series I Type ¢ to Series 4, but it is clearly distinguishable from
both. It is distinguished from lc by increased depth over the limestone
and by the introduction of impeded drainagé seen in rust mottling and
some slight grey gleying on the ped surfaces. It is distinguished
from 4 in that it is usually shallower and does not have a strong gley
horizon near the surface, nor the serious drainage impedence of that

Series.

The A horizon is usually a loam but below this there is increasing
clay content. Topography is variable from level to undulating while
site drainage may be seasonally wet. Depth to the limestone can vary
from within a common renge of 24-36 inches: although some very much
deeper soils are included because of protile similarity and particularly

because of better drainage qualiiy than inm Series 4.

The soil can be separated into three Types depending on horizon
development. These types range from a light to a heavy textural
variety. The sgricultural implications of these variations are
negligible and their juxtaposition so chaotic that they are not

diiferentiated on the soil map.
3a. A.(8)/C. Over 24" in total depth.

Unlike Series 1, Types in this Series do not vary according to

total depth of the profile. They rather represent transitional stages
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under the infiuence of varying pedogenetic factors,. No claim

is made here that they are moving towards one horizon pattern nor is

any attempt made to assess why they are not all exactly the same in

profile morphology.

The are merely seen as very closely related

soils and described as they were at the one moment of time when they

were sampled.

3a. VARIETY I TLight textured
Profile 53.
1. oO-1n A 10YR 3/3 Dark brown loam containing very few

2, 7 - 43" (B)/c
3a. VARIE®Y II
1. 0 - 5" A

2, 5 - 58" (B)/c

3a Discussion

stones, Crumb structure with tendency to
clod. Friable and non-plastic. Good
porosity. Free drainage. No movtling.
Boundary sharp. Calcareous pH 7.6

10YR 5/4 Brown silty loam with some very small
limestone gravel. Cloddy to massive siructue.
Compact, slightly sticky. Surface gleying at
depth., Calcareous reaction pH 7.6

Heavier texture
Profile 54

10YR 3/3 Derk brown clay-lioam with occasional
stone up to 2" and some coaiL fragments. Cloddy
structure., High in humus., Slightly sticky.
Porosiiy very fine to none. Drainage along
roots. Calcareous reaction pH 7.8 Boundary

sharp.

10YR 6/4 Light yellowish brown with grey
mottling. Silty clay with some coal fragments.
Blocky to prismatic structure. Compact, plastic,
sticky. Porosity siructural. Drainage

impeded. Reaction calcareous pH 7.8

These soils are, like those in la and 1lb, comparatively immature
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in not showing more development of horizons. They are quite distinct
from la and 1B however in having far greater depth and unlike all soiis
of Series I they do not have the same quantity of limestone from the
solid rock below incorporated within their parent material. Also
these soils (3a) with the least horizonal development are encountered
on the deepest soils of the Series unlike the immaiure shallow soils

of Series I.

3b. A.SB) Cg. Over 24" in total depth.

These soils are distinguished from 3a because they now have a
distinct (B) above a weathered and siightiy gleyed Cg or (8)/Cg horizon.

3b. VARIEPY I 1light texture

Profile 6
1. 0 - 5" A 10YR 4/2 Dark greyish-browu loam. Crumb to

gramular structure. Rich in humus. Porous

and friable. Dralmage good but some rust mottlin¢
along the root channels. Calcareous reaction

7.5 Boundary sharp.

2, 5 - 21" (B) 10YR 5/4 Yellowish-brown loam to clay-loam.
Cloddy structure (damp). ' No humus. Porosity
restricted to roots and structure faces.
Impeded draimage with frequent surface gley
coatings. Calcareous reaction pH 7.6 Boundary
irregular.

3. 21 - 36"+ C - 10YR 5/6 Yellowish-brown clay with more
frequent mottiing,mere larger stones. Organic
matter still present as roots penetrate to this
depth. Tenaceous, sticky and plastic.

3b. VARIETY IT Heavy textiure
Profile 136 :
1, 0 - 6" A 10YR 4/2 Dark brown loam with sirong crumb

structure and a mat of binding roots. Boundary
clear. Reaction pH 6.9
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2. 6 - 19" (B) 10YR 4/4 Dark yellowish-brown clay-loam
with material from above passing down root
channeis and cracks. Cloddy structure.
Restricted porosity and some clay coatings.

Reaction calicareous pH 7.2 Boundary clear.

3. 19 - 30" Cg 7.5 YR 5/8 Brown clay wiih prismatic
structure. Some roets butv low in organic
matter. Porosity only by fissures and cracks.
Sticky plastic and tenaceous. Mottliing.
Impeded drainage particularliy at depth,

4. 3014 D 2.5Y 8/4 Pale yellow limestone.

3b. Discussion

Thee are soils in Series I with A.(B).G/D horizons but they are
not so deep a8 those here described. The result is that 3b soils have
a more distinect C horizon of drift material, The limestone may still
exert signitricant infiuence on the profile but it can now be clasmed
as a D horizon completely distinct from the parent material.

3c. 4.4/(8).(B).C. Over 24" in total depth

These soils follow the progression and are different from 3b.
They now have an A/(B) horizon quite unlike the A(humus) in having a
lighter colour and less organic matter, and distinet from (B) in that
it still contains dappreciable humus, There is a (B) or (B) g horizon
anﬁ'a C horizon of weathered drift ofien with strong gleying.

3c. VARIETY 1 Iight texture
Protile 9
1. 0 - 4" A 10YR 3/2 Very dark greyish-brown with a mass

of roots. Crumb structure. Stoneless. Humus-
rich. PFriable non-sticky. Good open ubiquitous
porosity. Free drainage Reaction pH 6.5.
Boundary irregular and indistinet.
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2. 4 - 10" A/(B8) 10YR 4/2 Dark greyish-brown locam with a small
crumb structure. Almost stone-free except for
a few small coai fragmenis. Less humus than in
1. but stil] appreciable. Friable, non-sticky.
Good open porosity. Drainage free. pH 7.3.
Boundary clear.

3. 10 - 20" (B)  10YR 4/3.5 Dark yellowish-brown loam with
horizon of rounded and angular boulders at 15".
Humus almost gone. Friable and non-sticky.
Porosity more restricted and towards base
dampness and siight gleying. Reaction pH 6.0

Boundary clear.

4. 20 - 36" Cg 10YR 5/6 Yeilowish brown cliay-loam with
prismetic siructure. Many stones of various
sizes. Sticky, compat, mottling in greys
and blues moderate to severe at depth. Moisiure
held ana very wei. Still some roots. Reaction
pH 7.0.

3¢ Discussion

There is only one variety, the light texiured in this W'ype. Where
clay content increases the drainage deteriorates and gleying is more
severe and nearer the surface. Such soils wili be inciuced in Series
4. It is conceivable that a heavy variety could exist but none was
encountered. Drainage throughout this Series can range from free to
impeded.

4. dHaSWiLlL, SERTIES. (Incluaing severeliy gleyed soils of the Triassic
drifi).

This Series is a logical progression tfrom Series 3 in increasing
dritt depth, increasing clay conient, or increasingiy impeded drainage
with a strong G or (B)g horizon. The textural range within plough
depth is from loam to clay. T'opography is usually genily undulating
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or depressional. The centre of the East Durham Plateau displays the
widest development of the Series in which site drainage is frequently
vet. Profile drainage is impeded. The parent material is the
single Carboniferous drifi with variable redistiibution and differing
Permian inf iuence. The heavier and poorer drained soils of the
Triassic dritt area particulariy around Sheraton-Aulam are inciuded
in this Series.

The Series comprises smuch variation in originai drirt, transferred
and resorted material, and depth that many subdivisions could be made.
Texture and depth Types and varieties would vary foot by foot along
any transect. The transects Section One to Section Three are useful
indicators of variability. Examples are given of three ot the

variations encountered.

4. Shallow example
Profile 20

1. 0 - 6" A 10YR 3/2 Dark greyish-brown clay loam. Frequent
'stones from large gravel to boulder size, mainly
rounded sandstones up to 12" x 12", Sed crumdb

structure to granular with tendency to clod.
Porogsity varied im aggregates, very fine to
porous. Inter-aggregate porosity good along
root channels. Slightly compact, ro:lis to wire,
sticky when saturated. High in organic matter.
Roots for the full depth of horizom, living and
free-growing. Draimage adequate with no
moitling. Reaction calcareous pH 7.8 Boundary

clear.

2. 6 - 25" (B)g 10YR 5/6 Light yellow-brown clay-loam. Many
large sandsiones rounded shapes and up to 7-8",
Cloddy with prosity mainly down root channels and
cracks. Compact and sticky. Occasionai fibrous
root ﬁt top of the horizon. Drainage impeded,
with rust and grey mottiing. Reaction calcareous
pH 8.2 Boundary at limestone.
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Soit yellow Magnesian Limestone.

With ground-water gley at depth
Protile 1l

5Y 4.5/2 Light olive brown clay, almost stone-
free except for a few coal, sandstone and
limestone fragments. Coarse angular blocky to
nutty structure. Very fine aggregate porosity
with fine fissures between aggregates. Mellow
compactness, no induration. Firm consistence
when moist. Slightv stickiness. High in humus,
Frequent medium, small and fine roots, infiuenced
by firmness of soil; woody, fieshy and fibrous;
tangle of dead and living. Drainage imperfect,
horizon moist. Reaction ecalcareous pH 7.9

Boundary sharp.

2.5Y’4.5/4 Light olive brown mixture. Brown
matrix with severe grey and brown mottling.

Silty c¢ley almost stone-free. Very coarse sub-
angular blocky structure tending towards prismatic.
Prism fissure porosiiy. Tenacious compactness,

no induration, very plastic, slightly sticky.

Low in humus. Few small and fine roots, shape
atfected by the clay; fibrous,weak,alive and dead.
Drainage poor to very poor with much mottling.
Reaction calcareous pH 8.0 Boundary indeterminate.

Stiff, blue, sticky clay.

With fB!E and G horizons
Profile 144

5Y 5/2 Light olive brown clay-loam neariy stone-
less. Crumb to granular structure. Porous
honeycomb. Interaggregate along cracks. Friable
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to mellow compactness, no induration,

Consistence when moist loose to friable. Organic
matter high. Roots frequent fine to small,
free-growing. Drainage free. No moitling.

pH 5.9 Boundary with 2. gradual and diffuse.
Passing down root channels and welling in waves
and dips.

2. 13 - 21" (B)g Brown and grey mixed and movtied. Clay, nearly
stoneless. Subangular blocky (coarse) structure.
Porosity fissured and root channels. Tenacious
compactness. Grey clay very plastic; sandy brown
areas only slightly plastie. Low in organie
matter butv some passes down root channels, Few
roots. DULrainage poor Reaction 6.4 pE Boundary
:¢clear to gradual.

3 21"+ G Bright blue-grey and rusty mottied silty loam.
Very stony with sandstone up to 4" structure
large ang uler blocky. Little porosity.
Tenacious difficult to dig. Very plastic
consistency and sticky. No organic matter.
Drainage very poor. This horizon was similar
to 2 but gleying was more severe and a comsiderabl:
amount of water was held im the mass.

The chief characterstics of the Haswell Series are then, a depth of
more than 24" and severe gleyinmg of the protile withinm 6 -18® inches of
the surface.

5. SHOT'WON SERIES

This Series is developed in a restricted belt of mixed Carbon~
iterous and Triassic dritts. Perhaps because of the agencies at work
during re-deposition clay content is more umiformly high than in Series
4 and the so0ils are all very badly drained. The surface horizon is

usually shallow and of clay-loam texture. There is strong gleying
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neaxr the surface. Topography is gently sloping and site drainage
is periodically wet in patches., 'The soils puddle easily under heavy
mechanised implements.

5. Proiile 148

te 0 -12" A 10YR 3/2 Very dark greyish-brown loam. Few stones
including red-stained sandstones up to 2" x 1",
Masgsive to cloddy structure. Porosity along root
channels., Very hard consistvence, impossible to
break by simple finger and thumb pressure. Once
crushed falls into granular mass. Roois throughout.
Very slight moitling at the base of the horizon.
Reaction pH 6.4. Clear boundary.

2, 12 - 50" G 2.5Y 4/4 Reddish brown with severe blue moitling.
Small Magnesian Limestone fragments. Massive
prismatic structure. Silty clay. ©Severe blue, grey
and rust moitling throughout, along eracks and weak-
nesses giving veined appearance., Where large sections
fall away the whole tace is covered with a blue silty
film, Strong vonsisience, yielding very little to
pressure. Very badly drained. Sticky. Slightly

micaceous. Calcareous reaction pH 8,3.

3 5O = T2n cg 2.5Y 4/4 Reddish brown silty clay-loam. Occasionsal
rounded, red-stained pieces of Magnesian Limestone.
Slight grey-blue mottling. Strong consistence,
compact, sticky. Little porosity. Calcareous

reaction pH 8.6,

Stratigrephic variation is indicated in transects Section four to

Section Six.

6. EESLEDEN SERIES

This Series has two modes of origin. Some of the red 'I'riassic

dritts are inherently texturally lighter than those included in Series









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































